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Why Packard Made New Drawings 
For the Rolls Royce ‘‘Merlin’’ Engine 


When Packard tackled mass-production of this 


outstanding British aircraft engine trouble started 


with the first drawing. Engineers had to contend 
with the almost complete absence of international 
drafting and engineering standards. Failure to 
establish such standards now will seriously 


handicap any future joint production efforts. 


ONLY THROUGH the realities of ex 
perience does the human mind form sound 
convictions. All the arguments advanced 
for standardization, both internationally 
and domestically, carry little weight unless 
one can single out an actual experience 
that makes it possible to measure the pen 
alties for lack of standardization. Not only 
standardization of parts, but of greater 
importance, standardization in the lan 
guage of the engineer is essential so that 
instructions conveyed by drawings will be 
complete, specific and universally under 
stood throughout the manufacturing world. 

Ihe experiences of Packard Motor Car 
Company in undertaking the American 
production of the Rolls Royce Merlin en 
gine, strikingly illustrate this need. In the 
following discussion certain comments will 
be made from which it might be inferred 
that British engineering was responsible 
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Such 
a view is not correct, nor is it the inten 
tion of this article to implv this view. The 


for much of the delay and trouble 


Rolls Rovce Merlin engine was without 
question the finest liquid cooled engine in 
the world in 1940. It had been under 
continuous development since 1935 with 
the objective in mind of furnishing the 
best possible engine for the British inter 
ceptor and pursuit ships. 

During the war years Packard made 
57,000 of the Rolls Rovce Merlin engines. 
From its earliest model the Rolls Royce 
engine achieved a 50 percent increase in 
horsepower without any change in cubic 
displacement. This is a tribute to the 
excellent design and sound construction of 
the basic engine. 

From its earliest days, the Rolls Royce 
was a precision-built handmade product, 
constructed and assembled by the best of 
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English mechanics. ‘The engine was built 
in small lots, there were hundreds of de 
sign changes made through the vears, and 
the engine was not designed for mass pro 
It is indeed fortunate that British 


officials were so farsighted as 


duction. 
to have this 
splendid engine well developed when the 
war broke out. 

In 1940 it was realized that the Rolls 
Royce factories could not supply the de- 
mand for this engine and the British gov- 
ernment turned to the United States for 
help. Monday, June 24, 1940, the Presi- 
dent of the Packard Motor Car Company 
and J. G. Vincent, Vice President in 
charge of engineering at Packard were 
asked by Mr. Knudsen of OPM whether 
Packard would undertake the production 
of 9,000 Rolls Royce Merlin XX engines. 
[wo days later Packard officials at Wash- 
ington, D. C. had agreed to duplicate the 
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engine with the exception that Packard 
would redesign certain units to provide for 
the mounting of American made carbure- 
tors, propellers, vacuum pumps, fuel 
pumps, and several other accessories. ‘The 
ext day Packard began the organization 
of an engineering group to handle the re- 
lesign and to prepare the drawings for 
Packard manufacturing. Four months 
later the engineering department released 

complete set of drawings to the manu 
facturing department. This did not yet 
mark the completion of the engineering 
work, which continued as a major task un 
til April 1941 and thereafter at a lesser 
rate. During this time certain engine units 
were redesigned; satisfactory sources of 
supply developed for carburetors, fuel 
pumps, magnetos, and spark plugs; parts 
lists were completed and complete produc 
tion drawings including detail drawings 
were made. Approximately 200 men were 
engaged in the redesign of the Merlin 
engine for American production. The rea- 
son why this proved to be such a tremen- 
dous task can be attributed to factors that 
will be discussed. 


Drawings 


British drawings were predicated on a 
“tailor made” product. A_ product, fur 
thermore, that was built by skilled me 
chanics who had “grown up with the de 
sign” as it progressed through various 
improvements since 1935. Hence, the de- 
sign itself was not planned for American 
mass production methods. Secondly, much 
of the information that should have been 
on the drawings was lacking because Rolls 
Royce depended on their foremen and 
their skilled craftsmen to have the neces 
sary knowledge through long experience as 
master mechanics building that particular 
engine. 

All the British drawings had to be re- 
drawn because they were in first angle 
projection instead of third angle projection 
as is Customary in American practice. 

Che British made no subassembly draw- 
ings, so there was nothing to indicate the 
length of extended studs and similar parts 
or the overall dimensions of subassemblies 
of parts. It was therefore necessary to lay 
out such assemblies by using a finished 
model of the engine for guidance and as 
the basis of dimensions. 

In British practice, the parts list was 
not segregated as on our drawings. This 
breakdown had to be made. 

The British drawings did not specify 
tolerances and fits. Packard engineers 
found it impossible to obtain the complete 
information. To establish a basis for set- 
ting up tolerances, parts of a British model 
engine were measured. Upon this the 
Packard engineers based their judgment in 
arriving at the necessary standards. 

Perhaps the most troublesome feature 
about Rolls Royce design was the necessity 


of duplicating British threads. This task 
would not have been so monumental had 
it not been that the British used four dif- 
ferent thread forms: BA (British Associa 
tion), BSF (British Standard Fine), BSW 
(British Standard Whitworth), and BSP 
(British Standard Pipe). This was fur- 
ther complicated, because Rolls Royce had 
applied their own modifications to these 
British threads. The British threads, along 
with Rolls Rovce modifications, are shown 
in Fig. 2. In each of the different thread 
forms, as many as four pitches were used 
in the same diameter stud or bolt. For 
example, the thread size, 0.625 in. was 
made with 14, 16, 20 and 26 threads to 
the inch in a right hand thread and 20 
threads to the inch in a left hand thread. 
There were close to 140 different external 
threads used throughout the engine. 

In British manufacture the tightness of 
fit was known by oral instruction and 
skilled mechanics applied the tightness re- 
quired. This was particularly important 
with reference to studs screwed into alu- 
minum castings. A fine pitch thread was 
used on some of these studs, therefore, it 
was essential that they be a medium fit, 
because a tight fit would destroy the alu- 
minum threads and a light fit would per- 
mit the stud to screw out of the casting 
when taking off the nut. 

Thread tolerances were further compli 
cated, since the same size stud might be 
required to be a tight fit when assembled 
to one part and a medium fit when as- 
sembled to another part. The British did 
not attempt to insure proper fitting by 
specific tolerances. They depended on the 
mechanic to use his judgment. This was 
not permissible with production line as- 
sembly. Therefore Packard engineers had 
to assemble the data for tolerances of light, 












































medium and heavy fits. Fig. 3 shows @ 
portion of a thread-fit specification chart 
They further had to devise means of in 
suring that green help on the production 
line would be able to make the proper 
assemblies. This they did by coloring the 
head of the bolts yellow, black and blue 
for light, medium and heavy fits respec 
tively. Taps were made and holes were 
marked in the block with a yellow, black 
or blue dot to indicate degree of fit. By 
matching stud color to hole color the in 
experienced assemblyman could get the fit 
required. 

Another omission, by British custom, 
was that British drawings did not contain 
complete manufacturing directions other 
than indicating the surface to be finished 
The type of finish, whether it be machined, 
ground or honed, was not Specified, not 
was the required smoothness of surface fin 
ish indicated. To overcome this, profilom 
eter records were made of all finished sur 
faces. From this information the required 
manufacturing instructions were established 
and noted on the drawings. 

The method of showing tubing caused 
confusion. The Rolls Royce engine fol 
lowed British practice in using outside oil 
tubes instead of drilled passages. Accord 
ingly there was considerable tubing on the 
engine. 

The assembly drawings, furnished by 
Rolls Royce, showed the fire extinguisher 
tubes and lubricating oil tubes draped on 
the engine but no dimensions were given. 
The Packard engineering department as- 
sumed that the drawings for bent tubes 
were accurate. However, it was found that 
the tubing on the sample engine was not 
like the drawings. It was then discovered 
that the tubes shown on the drawings were 
pictorial and not to dimensions. The Brit- 


Fig. 2—Two standard British threads as modified by Rolls-Royce. 
In general the modification consisted of truncating the thread. 
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ish method was to have the tubing draped 
on the engine in a manner as suited the 
shop. Next the engineering department 
was then brought in to examine and ap- 
prove the installation. After approval, fix- 
tures were designed to bend the tubes to 
the shape so established. These fixtures 
then become the sole record of the design 
of the tubes and they were sent to the 
tube shops that make the harness. Thus 
it can be seen why drawings for all the 
tubing had to be prepared. 

Drawing changes caused trouble. It 
was British practice to note that a change 
was made by putting a circled number in 
a corner of the drawing. But there was no 
indication on the drawing as to what 
change was made or why. This informa- 
tion was given in the form of a typewritten 
memorandum that was circulated to the 
individuals concerned. 

Often changes were not recorded at all. 
A striking example occurred about the 
time that Packard had completed the pre- 
liminary drawings. This was five months 
after the start of the work and after they 
had made some of the casting patterns. 
It was then noticed that the patterns 
obviously would not produce castings that 
would be the same as those on the sample 
engine. 

Castings on the sample engine were cut 
in sections and wall thicknesses were meas 
ured. It was discovered that the castings 
were thicker in many places than specified 
on the British drawings. Rolls Rovce en 


gineers had simply “beefed up” the cast- 
ings wherever they had reason to fear that 
the section would be too weak. In the 
rush to step up Rolls Royce production, 
these changes were not recorded on the 
drawings. Packard engineers therefore had 
to measure the castings in all dimensions 
and make drawings to suit. It took about 
six weeks to revise the casting drawings 
alone. 

As about 400 alterations per month 
were being made by Rolls Royce in Eng- 
land and Packard in America for joint 
application to the engines, the accurate 
transmission of engineering changes was 
extremely important. 


Other Design Problems 


The degree of tightness of bolts and 
studs was in many instances a critical fac 
tor. For example, the connecting rod 
bolts had to be tightened precisely so 
that there would be no fretting and break- 
age of connecting rods that would occur 
if the bolts were too loose. Overstressing 
would occur if the bolts were drawn too 
tight. In the Rolls Royce factory the me- 
chanics had learned from experience how 
tight to draw up the nuts. This tightness 
was not specified on the drawings and 
was realized here that if the tightness were 
left up to the inexperienced help on the 
assembly line the results would be erratic. 


It was necessary to devise a method 
to assure proper bolt tightness. Torque 





wrenches measure friction as well as tiglit 
ness and because friction is so great, proper 
tightness is not always obtained. On short 
bolts in particular, initial tension in the 
bolt increases rather rapidly with increased 
tightness of the nut, because the stretch 
per unit length is relatively large. This also 
applies to studs, which are generally short. 
Therefore the control of stretch by means 
of a torque wrench was not always depend 
able. For these reasons the Packard engi 
neers had to devise a simple and rapid 
method for controlling the initial tension 
of bolts and studs. The method used was 
to measure the elongation of the bolt 
stud by means of a dial indicator, and to 
tighten the nut to produce a prescribed 
amount of such elongation. The methiod 
used proved highly successful. 

Packard engineers considered the British 
design to be of high quality and lauded 
the character of British engineering. 
There were, however, several major design 
changes proposed by Packard and accepted 
by Rolls Royce. One of them was in the 
design of crankshaft main and connecting 
rod bearings. 

In the original Merlin design the British 
used copper-lead bearings and line bored 
the bearings after their assembly in 
crankcase. 


the 
Packard proposed the use of 
silver bearings with lead-indium coating. 
These bearings were designed the same as 
conventional automobile "‘e arings in that 
they could be replaced in the field. ‘The 
crankcase bearings were line bored and the 
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Fig. 3—A chart developed by Packard to guide the shop in the selection of threaded parts for proper tolerances. 
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Fig. 4—A drafting room standard 


indicating the presentation of 


data for helical gears. This data, placed on each drawing, assures 
that the shop will have every bit of manufacturing information. 


bearing shells then dropped in place. 
Adoption of the silver bearing required 
added precautions to be taken in the as- 
sembly of the engine. Each of the bearing 
bases in the Rolls Royce engine had a lat- 
eral through bolt running through the 
crankcase with the head and the nut on 
the outside of the crankcase. The bearing 
cap was held on in the conventional man- 
ner. With this construction it was im- 
portant that the tension in the bearing cap 
studs be made the same in the final assem- 
bly as it was in the assembly when the 
bearing housings were line bored. If the 
tensions were not the same, the bearing 
housing bores would be out of round. 
This was another instance in which it was 
necessary to tighten the studs to a prede 
termined stretch. Because the through 
bolts were relatively long, it was suffic iently 


accurate to tighten them by means of a 


torque wrench. 

At the start of production, reduction 
gears made to the original British specifica 
tions developed severe scuffing during run- 
in at the factory. This was a_ serious 
trouble. It was necessary, in an intensive 
research and development program, for 
Packard engineers to analyze all the major 
causes of scuffing and to develop the tooth 
refinements to prevent it. These included 
tooth modification to compensate for the 
deflection of the gear teeth under load and 
for misalignments. The profile modifica- 
tions as finally developed by Packard were 
slightly different from those used by Rolls 
Royce and perhaps a slightly higher gear 
life was obtained. Standards were devel- 
oped and gear specifications were com- 
pletely described on Packard drawings to 
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insure that the factory worked to the limits 
found necessary. Fig. 4 shows the type of 
comprehensive drawing used. 


Materials 


As in the case of the design drawings, 
the material specifications submitted by 
Rolls Royce were incomplete or not keyed 
into American standards. William H. 
Graves, chief metallurgist of Packard at 
that time, was assigned to the task of de 
veloping the material specifications for the 
American manufactured engine. This was 
a phenomenal job, because it also involved 
consideration of foundry practice and man- 
ufacturing equipment. For instance, the 
British had specified a nitriding steel for 
their crankshaft, a steel of exceptionally 
high quality. It gave results definitely su 
perior to American steels then in use. Mr. 
Graves developed the specifications for 
the nitriding steel, which were 
quently used by American mills to dupli 
cate this excellent material. During the 
course of manufacture of the Merlin en- 
gine, certain improvements were made in 
the aluminum alloys used of which there 
were two types. The aluminum alloy ong 
inally used by the British had a low yield 
point around 11,000 Ib. per sq. in. but an 
exceptionally high ductility. Eventually an 
improved alloy was developed having con- 
siderably higher yield strength without 
sacrificing ductility. 


Parts 


subse 


In the development of the successive 
models of the Merlin engine, the British 
maintained complete interchangeability. 
Parts that were modified many times be- 
came exceedingly complex, because they 
had to fit each of a long series of ear- 
lier models. These parts often required 
adapters. This made the engine consider 
ably more complicated to manufacture 
than it would have been if it had been 
redesigned as a new engine. However, the 
importance of maintaining interchange 
ability on all models was considered more 
essential than the issuing of a new design. 
Therefore British engineers cannot be criti 
cized for the design complications result 
ing from maintenance of interchange- 
ability. 


Conclusion 


The tremendous job of redesign that 
was forced upon Packard by lack of inter- 
national standards for engineering draw 
ings and manufacturing and thread stand- 
ards, highlights the serious defect in engi- 
neering liaison with our friend and former 
ally. It is to the ultimate personal and pub 
lic benefit of all engineers to support the 
American Standards Association as the co- 
ordinating agency in the United States and 
the channel for cooperation in the adoption 
of international engineering standards. 
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Carbon and Alloy Steel Materials 
For Hot-Formed Springs 


H. C. KEYSOR 


Mechanical Engineer, American Steel Foundries 


Physical and chemical properties of the various steels used in the fabrication of hot- 
coiled springs are given. Proper methods of heat-treatment are described. The import- 
ance of pre-setting, the effects of the surface conditions of hot-coiled springs, and the 
conditions of service under which alloy steel is superior to plain carbon steel are discussed. 


HOT-FORMED SPRINGS are used ex 
tensively by the railroads and industry. 
Whether a given spring is coiled hot or 
cold depends primarily on the size of wire 
required. Cold-forming is obviously cheaper, 
hence it is used for all springs up to the 
maximum size, (usually 3/8 in. dia stock), 
which can be handled in commercial coil 
ing machines. For heavier stock it is neces- 
sary to resort to hot-coiling. ‘This process 
can handle material from 3/8 in. to 2 1/4 
or 21/2 in. dia., although it is uncommon 
to exceed 1] 3/4 in. diameter. 

In most applications, space is closely 
limited and capacity requirements are high, 
hence stresses are relatively high. Thus in 
railway car suspensions, large load carrying 
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capacity is usually required because of the 
weight of the equipment and large deflec 
tions are needed to promote easy riding. 
In draft gears, capacity is so essential and 
space so limited that solid stresses are neat 
the maximum possible. In many industrial 
applications, such as rolling mill and heavy 
forging machinery, it is necessary to em- 
ploy high stresses. In short, most appli- 
cations of hot-formed springs call for high 
stresses—higher, in fact, than should be 
employed in view of the poor surface con 
ditions inherent in hot-rolled steel. 

Hot-formed springs can be divided into 
three general classifications: 

1. Helical springs with bar diameters of 
3/8 in. or larger. 
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all three classifications are the same; carbo! 


2. Volute springs with stock thicknes 
of 3/8 in. or larger. 

3. Leaf springs for railroad and service 

The material used in the fabrication o 


v 


os 


and low alloy steels, in hot-rolled bars o 
strip. Centerless ground’stock is employe 
for some applications of helical springs 
where the requirements are exacting. Al: 
though the following discussion refers 
primarily to helical springs, which have the 
widest field of application, the mater 
and heat-treatments apply to volute and 
leaf springs as well. 

Hot-coiled springs usually have a sharper 


a 


curvature than cold-coiled springs. Curva- 
ture is defined by the curvature index ¢, 
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ness 








which is the ratio of the mean coil diam- 
eter to the bar diameter. In most hot- 
coiled springs, the curvature index ranges 
from 31/2 to 5, while cold-coiled springs 
usually have a curvature index of 5 to 10. 


Carbon Spring Steel 


The steel most widely used in the fabri- 
cation of hot-coiled springs is a plain car- 
bon type with an analysis range, specifica- 
tion numbers and physical properties as 
follows: 


Spe cifcation No.: 


AISI C-1095; SAE 1095; ASTM A-68 


C 0.90—1.05 
Mn 0.30—0.50 
Si 0 15—0.30 
r 0.04 max. 


~ 


; 0.05 max. 
Yield strength, 135,000 Ib. per sq. in. 
Ultimate strength, 200,000 Ib. per sq. in. 


Ihe use of this carbon spring steel is 
somewhat of an anomaly because it is a 
shallow hardening steel and its yield 
strength is inferior to that of the alloy 
steels. The railroads, long the principal 
users Of heavy springs, initiated the use of 
this material in an earlier day when harden- 
ibility was not well understood, and it was 
found generally satisfactory for the re- 
quirements of that time. Its use has per 
sisted, particularly for freight car springs, 
where the additional cost of alloy steel 
cannot be tolerated. Because of its availa- 
bility and low cost, it has been extensively 
used for industrial applications, often where 
in alloy steel would be preferable. The 
ritical section for through hardening is 
3/S in. diameter. 

\nother plain carbon steel, of slightly 
lower carbon content. has been used to a 
limited extent. Its analysis, specification 
numbers and physical properties are: 
Specification No.: 


A.LS.1. C-1085; S.A.E. 1085 
C 


0.80—0.93 
Mn 0.70—1.00 
S 0.05 max. 
r 0.04 max. 


Yie ld strength, 135,000 Ib. per sq. in 
Ultimate strength, 200.000 Ib. per sq. in. 


It is claimed that this material is superior 
SAE 1095 in fatigue strength, and pos 
sesses more consistent hardenability, proba- 
bly because its analysis approximates the 
eutectoid proportion. These claims have 
not been entirely accepted by spring engi 
neers, and test work has been initiated by 
the industry to determine their validity. 
‘| hardenability, as shown by Jominy 

is substantially the same as SAE 
1095. At present. SAE 1085 is not 
readily available; little having been rolled 
because sufficient demand does not exist. 


+ 


Alloy Spring Steel 


‘he principal advantages of alloy steel 
materials are their better harden- 
and higher vield strengths that ren- 


Ss! ng 
abdility 
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Table I—Hardenability Requirements 


for Alloy Spring Materials 
Distance from end for Rockwell J50 





Bar Dia., In. 


Requirements 





3¢ to 3% incl. 7/16 in. 
Over 34 to 1-%% incl. 9/16 in. 
Over 1-3% to 1-4 incl. 11/16 in. 
Over 1-34 12/16 in. 





der them less subject to taking set in 
service. ‘This is shown by the elastic ratios 
for hardened and tempered bars, which are 
approximately 86 percent for allow steels 
and 67 percent for carbon steel, the ulti- 
mate strength being nearly the same for 
each. These values apply to the larger sec- 
tions (over 3/8 in. dio.) where the carbon 
steel is not through hardening. The alloy 
steels have a much greater impact resistance 
than the carbon steels in the larger sizes. 
This is beneficial both under shock loading 
conditions and when the springs are sub 
ject to abrasion or rough handling which 
may form pits and scratches. 

Minimum end-quench hardenability re- 
quirements are given in Table I for alloy 
steels. 

These requirements represent some ex- 
cess hardenability for the 3/8 to 3/4 in. 
dia. group, and a little less than complete 
through hardening for some sizes in the 
other groups. Although the hardenability 
limits to which the steel mills will work, 
without extra cost, are not as close as 
could be desired, it is reasonable to look 
for improvement in this respect as more 
knowledge concerning this important sub- 
ject is gained. 

The majority of hot-coiled alloy springs 
are made from one of two silico-manganese 
steels the analyses specification numbers 
and physical properties of which, are: 


Silico-Manganese Steel 


Specification No.: 


A.1.S.1. A9260—S.A.E. 9260 


A.S.T.M.—A.I.S.I. A9262 
& 0.55—0.65 
Mn 0.70—1.00 
Si 1.80—2 .20 
4 0.04 max. 
S 0.04 max. 
cr 0.20—0.40 (A-9262 only 


Yield strength, 180,000 lb. per sq. in. 
Ultimate strength, 210,000 Ib. per sq. in. 


These steels are preferable to plain car- 
bon steels because they are through hard- 
ening (1 in. dia. critical section for A-9260 
and 1 3/4 in. dia. for A-9262, because of 
its chromium content) and because their 
vield strengths are about 30 percent higher 
than those of carbon steel. These alloys 
frequently are used for applications where 
the spring is subjected to temperatures up 
to 450 deg. F. or to impact since they can 
be made somewhat harder than carbon 
steel without danger of brittleness. 
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Although these advantages have been 
sufficient to give the silico-manganese 
steels a widespread use, they have certain 
well-known faults.. They are peculiarly sub 
ject to decarburization and are inclined to 
have excessive quantities of non-metallic 
inclusions, thus requiring extra processing 
of billets at the mill to eliminate seams. 
Such extra processing is not always carried 
out, with the result that seamy material is 
produced and sometimes escapes detection 
by the mill or the spring manufacturer’s in 
spectors. 

Chrome vanadium steel, has been used 
for railway passenger car leaf springs and, 
to a limited extent, for heavy helical 
springs. Its analysis range and physical 
properties are: 


Specification No.: 


A.1.S.1. A6150—S.A.E. 6150—A.S.T.M. A-60 


i 0.48—0.55 
Mn 0.65—0.90 
Si 0.20—0.35 
P 0.04 max. 
S 0.04 max. 
EG 0.80—1.10 
V 0.15 min. 


Yield strength, 180,000 lb. per sq. in. | 
Ultimate strength, 210,000 Ib. per sq. in. 


The chromium shortage, brought on by 
the war, practically eliminated this material 
from the hot-formed spring domain and it 
was largely replaced with silico-manganese 
steel, a cheaper material of equivalent 
strength. This tendency continues, and it 
appears likely that chrome-vanadium steel 
will be supplanted by other materials for 
hot-formed springs. Its principal advantage 
over silico-manganese steel is a_ lesser 
tendency toward decarburization, but, in 
actual service, it has shown practically no 
superiority to warrant its increased cost. 

Two new chrome-nickel-molybdenum 
alloys, of similar analysis, have come into 
use for hot-coiled springs in the past few 
vears. Table II gives their analyses and 
specification numbers. 





Table Il—Chrome-Nickel-Molybdenum 


Steel 


Spec. No.: AISI A 8650 AISI 8650 H 


= 0.48—0.53 0.46—0.54 
Mn 0.75—1.00 0.70—1.05 
Si 0.20—0.35 0.20—0.35 
P 0.04 max. 0.04 max. 
S 0.04 max. 0.04 max. 
Cr 0.04—0..60 0.35—0.65 
Ni 0.40—0.70 0.35—0.75 
Mo 0.15—0.25 0.15—0.25 





Yield strength, 180,000 Ib. per sq. in. 
Ultimate strength, 210,000 lb. per sq. in. 





The hardenability of the composition 
given in Table II is suitable for bars of 
3/8 to 3/4 in. dia. For larger bars, slight 
increases in carbon content are desirable. 
The grades listed in Table III are furnished 
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specification numbers not officially recog 
nized ) : 

The composition of these grades is iden- 
tical to the A.I.S. A8650 type except for 
the increased carbon content. 

This steel has about the same strength 
as silico-manganese, but somewhat better 
ductility for equal hardness, and better im- 
pact resistance. It is less subject to seams, 
surface defects, and decarburization, and is 
therefore the preferred material. Its use is 
increasing among some of the larger users 
of heavy springs. Although at present, it 
is not readily available, it probably will 
become more generally obtainable in the 
future, as it appears, in the light of our 
present knowledge, to be the best low alloy 
steel for heavy springs. 

High speed steels are used to meet oper- 
ating temperatures of 500 to 800 deg. F. 
Sizes over 1/4 in. dia., must be hot-coiled, 
unless of comparatively large curvature 
index. A typical composition is: 


c 0.70 
Mn 0.20—0.35 
Si 0.40—0.50 
P 0.03 max. 
S 0.03 max. 
Ww 18.0 
Cr 4.0 
V 1.0 


Heat-Treatment of Hot-Coiled 
Springs 


I'wo general methods of heat-treatment 
are employed in the hot-coiled spring in- 
dustry; direct quenching or reheating for 
quenching: 

1. Direct quenching, sometimes called 
single heat-treatment, consists of quenching 
the spring directly from the forming tem- 
perature and then tempering to the de- 
sired hardness. This method has the ad- 
vantage of avoiding a second heating, with 
its consequent scaling. Also, since the 
forming operation removes most of the 
scale, the spring goes into the quenching 
tank practically scale-free and a more uni- 
form hardness is obtained. The method 
can be used only for bars within a certain 
size range and requires a definitely con- 
trolled time sequence of operations to make 
sure that the quenching temperature is 
correct, 

2. Reheating for quench, sometimes 
called double heat-treatment, consists of 
allowing the springs to cool to a black 
heat after forming and then reheating to 
the proper temperature for quenching. The 
disadvantages are additional scaling and 
roughening of the surface, scale adherence, 
which promotes unequal hardening in the 
quench, and warping or sagging out of 
shape during reheating, the prevention of 
which may require the use of special hold- 
ing fixtures. This method is more gener 
ally applicable than the direct quench 
since there is more definite control of the 
quenching temperature because it is not 
dependent on the sequence of forming 
operations. 
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Whichever method is used, tempering 
should be performed immediately after re- 
moval from the quench tank, to forestall 
any possible development of quench cracks. 
The temperatures given in Table IV repre- 
sent good current practice. 

The tempering temperature is regulated 
to obtain the desired hardness. Working 
to the top of the hardness range will mini- 
mize set, although this may result in some 
reduction of endurance limit, depending 
on relative surface smoothness. Smoother 
surfaces will permit higher hardnesses and 
improved fatigue life. 


Pre-Setting of Hot Formed Springs 


Since hot-formed springs usually have a 
sharp curvature, (ratio of mean coil diam- 
eter to bar diameter) pre-setting of hot- 
formed springs produces beneficial results. 
Pre-setting, sometimes called cold-setting, 
setting down, or scragging, is simplv the 
manufacturing operation of loading the 
spring beyond its primitive yield point, so 
that a permanent set is obtained and 
residual or “trapped” stresses induced, thus 
raising the yield point of the spring. Sharp 
curvature means high stress concentration 
because of curvature and direct shear, 
hence the peak stress is increased, and high 
residual stresses are obtained. 

Experiments have shown that hot-coiled 
springs begin to take set when the peak 
stress reaches the approximate yield point. 
The amount of set given the typical spring 
is greater than commonly supposed and 
will range from 1/10 to 1/4 times the 
final movement from spring free to spring 
solid. If pre-setting is carried to the limit, 
the entire cross-section of the bar is in 
plastic shear and the maximum torque that 
is sustained depends on the vield strength 
in shear over the entire cross-section. 

If springs of large bar diameter are made 
from a shallow hardening steel, the yield 
strength will diminish from the surface of 
the bar toward the center. Consequently 
the maximum torque is lower thus causing 
loss of solid load carrying capacity. The 





use of a through hardening steel is, there 
fore, more necessary when large bar diam 
eters and high ranges of stress between 
spring-free and spring solid are encoun 
tered. If the typical compression spring 
were designed to such free height that 
initial closure would not cause permanent 
set, a shallow hardening steel would be 
satisfactory. As this rarely happens, the 
importance of using a through hardening 
steel is obvious. 

Pre-setting is usually done at atmospheric 
temperature, and hence is commonly 
called cold-setting. However, if it is de 
sired to put more set in the spring, pre 
setting may be done at temperatures of 
400 to 500 deg. F., when it is called hot 
setting. More set means higher residual 
stresses, hence greater load carrying 
capacity. The beneficial results of hot 
setting are more apparent in the alloys 
than in carbon steel because of the through 
hardening properties of the former. Ex 
perimental work so far indicates that hot- 
setting does not sensibly affect fatigue life, 
but that it does reduce the amount of set 
in service, either under fatigue loading or 
under a reduced number of severe load 
applications. It is also effective in reduc- 
ing set when the spring is operated at 
elevated temperatures. 


Surface Condition of Hot-Formed 
Springs 


Poor surface condition is undoubtedly 
the greater handicap to which hot-formed 
springs are subject. Hot-rolled spring steel, 
as commercially produced, has a compara 
tively rough surface and some decarburiza- 
tion is always present. Seams are of fre- 
quent occurrence and although the more 
serious ones can be detected by practical 
inspection methods, many minute seams 
(1/64 in. or less in depth) cannot be de- 
tected and eliminated except at prohibitive 
cost. The generally poor surface condition 
of hot-rolled steel causes a serious reduc- 
tion in the endurance limit, as compared 
with a ground surface, and this fact prac- 





Table Ill—Recommended Carbon 


Spec. No. 





Carbon 
8655 0.50—0 60 
8660 0.55—0.65 
R662 0.57—0.67 


Contents for Alloy Steel Springs 


Bar diameters 





Over 34 to 1-3 in. incl. 
Over 1-34 to 1-4 in. incl. 
Over 1-4 





Table 1V—Recommended Heat-Treating Cycles for Springs 











Normalizing Quenching Minimum 
Temp., Temp., Quenching Tempering Hardness, 
Steel deg. F. deg. F. Medium Temp., deg. F. Brinell 
Carbon 1570-1600 1500-1550 Oil 750 352-415 
Si-Mn 1600-1625 1575-1600 Oil 850 375-429 
Cr-Ni-Mo 1600 1550 Oil 850 375-429 
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Grinding the ends of hot-coiled springs after heat-treatment. 
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cally nullifies the inherently higher en 
durance limit of alloy steels. 

Flexural fatigue tests on heat-treated bars 
with surfaces as rolled, show endurance 
limits of 30,000 to 45,000 Ib. per sq. in. 
for either carbon or alloy spring steel—the 
higher value for relatively good surfaces, 
the lower for poor surfaces, quite irrespec- 
tive of the presence or absence of alloying 

ynstituents. Surface condition is thus the 

ominant factor, relegating hardness and 
hemistry to the background; it actually re 
ices the endurance limit to one-half, or 
ss, of its intrinsic value. Therefore, if en- 
irance limit is taken as a criterion, there 
little or no advantage in using alloy steel. 
No matter what material is used, the rela 
ely poor surface condition of hot-rolled 
eel makes it necessary to employ lower 

irdness than would be desirable with a 

100th undecarburized surface. Corrosion 

ikes worse the inherently poor surface of 

't-rolled steel. If the surface is badly 
tted, the endurance limit in flexure may 

reduced to 18,000 to 20,000 Ib. per 

in. 
Since surface condition is of such vital 
iportance, the most effective remedy 
ould appear to be the use of centerless 
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ground stock. This material has been used 
for certain special classes of work, notably 
automotive suspension springs, but there 
are three definite reasons why it is not 
practical for most applications: 

1. The cost is comparatively high, 
amounting to an increase of about 60 per 
cent in material cost for carbon steel, and 
slightly less for alloy steels. 

2. The rough usage to which so many 
heavy springs are subjected would practic 
allv nullify the benefits of grinding. <A 
ground surface, even with a good protec 
tive coating, would soon suffer damage 
when subjected to abrasion (as from rail 
road track ballast, which acts like a sand 
blast at present dav speeds), rough han 
dling and corrosion, especially from brine. 
In this damaged condition it would be little 
better than the regular hot-rolled surface. 

3. Heating and forming would have to 
be done in controlled atmosphere, other- 
wise the roughening caused by scale forma 
tion, together with decarburization, would 
destroy most of the advantages sought by 
grinding. Obviously such processing would 
add materially to the final cost of produc 
tion, and few manufacturers have . the 
necessary equipment 
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For these reasons the use of centerless 
ground stock is confined to a relatively 
small proportion of hot-coiled spring pro 
duction. 

Shot peening has been remarkably suc 
cessful in increasing the fatigue life of 
many machine parts and springs that are 
reasonably free from surface defects and 
decarburization. Hot-coiled springs, how- 
ever, have received little attention as re- 
gards fatigue testing. The effect of peen- 
ing is superficial, extending only 0.005 to 
0.010 in. below the surface, and it has 
been feared that the corrosion, to which so 
many heavy springs are exposed in service, 
would soon remove the peened surface 
layer and the beneficial effects would be 
lost. Also, it is known that peening is 
most effective when decarburization is 
ibsent, and thus the ferrite surface layer 
usually found on hot-coiled springs would 
be a serious disadvantage. Moreover, peen- 
ing would be no remedy for seams, except 
perhaps the shallowest ones. In spite of 
these objections spring engineers have con- 
sidered the subject well worth studying 
ind many investigations of the shot peen 
ing of hot-coiled springs have been in 
itiated. 
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Roller Drive at Stylus 


Provides Constant 


ROLLERS DRIVE a flexible plastic dictation record under 
the stationary stylus at a constant linear groove speed. This 
speed is selected so that the maximum amount of dictation 
consistent with a high intelligibility in sound reproduction 
can be embossed on the record. This driving method does 
not require an extra mechanism to change rotational speed 
as the record center moves away from the stylus. The com- 
bination sound recording and reproducing head is another 
feature of the Gray Audograph built by the Gray Manufac- 
turing Company, Hartford, Conn. Vinylite records, 




















ecording Speed 


10/1,000 in. thick, are used in three sizes from 5 5/8 to 
8 1/2 in. diameter. The larger record has 31 minutes dic- 
tation time on each side. Hand or desk microphones are 
available. Push buttons mark paper indicator strip for 
carbons, corrections and other information for the tran- 
scriber. When transcribing, a “stop, start and backpace” 
attachment is fitted to the typewriter keyboard and the 
typist uses a plastic head set weighing 1.2 oz. plugged into 
a receptacle in the grill. Any Audograph can be used for 
transcribing. ‘The Audiograph weighs 16 Jb. 
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PRODUCT DESIGNS 























rMagretic sleeve tilted 


Moving the control lever tilts the stylus head so that 
the selected sty/us is in contact with the record 


Stylus and sleeve are mounted 
on the flexible arm. Pivotis fixed 
to heavy bar 
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arm in torsion so that 
stylus movement wi// 


tilt the sleeve 


Wocemaee 


Groove force on stylus causes torsion 


Groove in record force in the flexible arm 
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Three problems are encountered in playback stylus design: 
adjustment to vertical irregularities, adjustment to minute 
deviations from the Archimedes spiral theoretically traced 
during recording and sensitive reproduction of the modula- 
tion pattern. The Audograph playback system comprises a 
Stylus fixed on a flexible arm that is mounted on a heavy 
bar, a magnetic sleeve vertically set on the arm, a pivot 
Shaft rubber-mounted in the sleeve, and a stationary coil 
surrounding the sleeve. Permanent magnets in the stylus 
head form a tield about the coil. Lateral compliance is 
turnished by the heavy bar turning on the pivot; vertical 
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compliance by the spring-loaded flexible arm. Modulation 
reproduction can be followed from the schematic sketch. 
The groove force acts on the flexible arm through the 
stylus and weak torsion resistance, caused by the notches 
in the rear of the flexible arm, allows the arm to tilt. This 
action tilts the sleeve mounted on the arm. As the ends of 
the sleeve rock forward one pole then the other, lines of 
flux flow through the magnetic sleeve first in one and then 
in the other direction. This induces a voltage in the coil that 
electrically repeats the modulation pattern. The record- 
ing stylus embosses the record with 260 lines to the inch. 
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Gray Audograph (continued) 





A worm gear on the end of the spindle 
shaft engages a pinion on the end of 
the feed screw. Thus when the record 
turns, the feed screw is rotated. The 
feed screw, turning in engagement 
with the fixed worm pinion, is moved 
to the left, taking with it the carriage 
assembly that holds the spindle and 
record. In this manner the record is 
slowly moved to the left while the driv- 


ing roller rotates it beneath the record- 


ing stylus. A support roller under the 
record at a point just forward of the 
recording stylus furnishes a base for 
the stylus action. 
the machine. 


A small fan cools 
Top of the case is an 
aluminum casting. The bottom is an 
aluminum stamping. A light in the 
front of the machine glows with an 
intensity proportional to the sound 
level to indicate when the voice is 
sufficiently strong for proper record- 
ing. A light behind the groove indi- 
cator illuminates the record and is an 
indication that the machine is turned 
on. 


; lock 


Carriage control 
knob with cord 
and pulley for 
rapid carriage 


Feed screw 
pinion engages 








A belt reduction drive from the motor 
turns the driving roller. The idler 
roller, pressing the record against the 
driving roller seen in the picture, 
turns the record at a constant groove 
speed of about .33 linear ft. per min, 
The angular velocity varies with the 
linear distance of the driving roller 
from the record axis. Serrations at 
record center engage notches in the 
spindle. As the record turns the spin- 
dle, the carriage mechanism inside the 
case moves the record to the left. A 
carriage position knob, when turned 
by hand overcomes the restraint of 
the friction clamp on the fixed worm 
pinion shaft and by a cord and pulley 
arrangement moves the record right 
or left to any selected position. Con- 
tact of the playback stylus with the 
record does not mar the _ recorded 
grooves when the record is moved 
from one position to another, because 
of the extremely light 
required for playback. 


pressure 


Ne TMT TRENT — 2 
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Indicator strip 
punching 
mechanism 


Drive roller 





Support roller 


movement ‘| f holds record 
: firmly for good 
‘ * tact 
Cabinet bine babes 


Driving wheel 
Friction clamp 
on fixed worm 
gear shaft 


Fixed worm gear 


Feed screw 
turning against 
fixed worm 
moves fo left 


Motor 


™ Motor fan 


' Speaker location 
in here 


Ventilating 
louvres 


@ -*,— 
i > 
» —— ‘ 
worm gear on Sad 
spindle shaft : it 
== 5S 


Power 


transformer 


Input 


receptacle 


Sliding carriage 
assembly carrying 
record spindle 


“Reproduce “ 
volurne contro/ 










Headset 
plugs in 


Neon light to indicate pee. 


sound intensity 
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ria Powdered Metals 
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roller 
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in the 


Kage Hot Pressed 


aft. A 
turned 
int of 


worm A PRESS that simultaneously heats metal powder and com- 
pulley presses the powder in the die has been built by the National 

right Diamond Hone Wheel Company of New York. Designed for 

Con- laboratory use, the Strauss Hot Press Machine is a tool for 
th the powdered metal research. The machine comprises a simple 
corded straight-line type hand press with a transformer connection to 
moved the die holder for resistance heating of the carbon dies. Top 
a and bottom die plungers are also carbon. 





essure 











A compact made by hot pressing 90 copper-10 
tin-0.8 phosphorus spherical bronze powder 
showed a density of 8.519, average Vickers 
hardness number of 116 with a range of 102 to 
129. Microphotographs at 100X indicate poros- 
ity throughout the compact. Some coring is 
evident in the 500X picture. 


Powdered metal is poured into the carbon die 
and the plunger ends are seated lightly in the 
die cavity. The die is then fixed in the die holder 
and pressure of 250 lb. per sq. in. applied 
through the hand lever. Simultaneously d.c. 
current of approximately 185 amp. at 5 volts is 
sent through the die. The carbon die turns 
bright red in a few seconds. Pressure and cur- 
rent are continued for about 60 sec. The die is 
removed and the compact pushes out cleanly. 
Different weights can be placed on the press 
handle to apply the desired force each time. 
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Work to be trimmed 


Jig to. guide work 
through pass 


Adjustable 


< 
ae 


3 


3 


heads or rolls 


adjustable spiriclies 





Spindles 
And Interchangeable Rolls 


Make Stamping Trimmer Versatile 


A STAMPING TRIMMER that can trim almost any kind of 




















stamping in a single plane owes its flexibility to the quickly- 
adjustable powered spindles that can receive a wide assortment 
of rolls and cutter heads. Table top and spindles both have 
vertical adjustment to take deep stampings. ‘The trimmer 
handles large or small stampings with or without flash. It cuts 


both steel and aluminum alloy and performs trimming, beading, 
forming, and flanging. Certain dual operations such as trimming 
and beading can be taken care of in a single pass. ‘Toggle or bell 
crank linkages are pneumatically operated for quick release of the 
work. ‘The Quickwork-Whiting Stamping ‘Trimmer is produced 
by the Whiting Corporation of Harvey, Ill. 





Spindles adjustable vertically. 
through # 


be 





























Rn Mh HHH 0 ws ql 
() | ae wim 

Toggle linkage sae 

ane be// ae 

crank linkage -t 

optional ------ — ' 

Double acting air 

cylinder with a 

se/f -sealing aoe — 
packing on both ig 


piston and rod--—" 


Automotive type 
drive shafts 








equipped with - 
need/e ro/ler so 
bearings provid- a 

ing greater load Lf 
capacity with wr 

less wear------ ~ 























Table adjustable vertically 
through /#" 


ESSE sss -- — Doub/e row bal/ 
Y——- bearing 
ZB 


Kia 


~ 
Thee. 
a, 


~—Single row bal/ 
bearings 


—“V" Be/? drive from 
standard motor or 
master speed 
ranger 


Sorc 


ybifferential type 
transmission permits 
the use of cutters or 
rolls of different 
iameters with 
uniform peripheral 
speeds 




















Spindles are driven by automotive type drive shafts operat- 
ing from a differential type transmission. Power source is 
a 1% to 3 hp. electric motor for standard and heavy duty 
models. Control of the work is obtained through a foot 
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switch that, by operating a four-way controlled 
poppet type air valve, pneumatically opens the spindles 
for loading and unloading. Manual adjustment of one spin 
dle accommodates stampings of various sizes. 


solenoid 
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Manual adjustment 
for right hand 


nas Sutter assembly and holdir ir 
spindle position Gu e assembly and oldi 1g fixture for 
: trimming the lower edae of a stainless 
steel stampina 



































a pindles Pe ; o <——/ — 
f $é T 
(open position) " 
l 
4 ! | 
Tog¢ ; | Table to, 
— Regulating and reducing | 
igi ¢ a) ee 
ae valve for secondary | 
pressures fram 25 /b , ‘ 
to 10 |b. with inlet Strainer for Set-up employing two idler cutters for 
pressures up to 225 /b filtering air trimming both flanges ona channel shape 
before entering simultaneously 
air valve or 
cylinder 
2 omen | 





Moror 













ing, ; a ee 

ing 

bell A Assembly with manofrel-type cutter on 

the 4 ; stationary spindle. For relatively small 
eliele //-2 ; . stampings with short radii 

ced Spine t : 


arive 


shafts e + 


-*% 


f Differential 


- 
Table top 


Cutter assembly with integral hold-cown feature 
For trimming a special stainless steel cover 
stamping 














All operations of the Stamping Trimmer are performed by sets of rolls Assembly for forming auxiliary flanges on 
: . aan . . 2 : cai a“ a channel shape in 1! pass 

designed for the specific application. When the stamping is in position, 

the rolls are pneumatically closed and cutting is begun. Specially desgined 

fixtures guide complicated stampings through the entire pass. 
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\ i Trthiiiin 
~—S = h 
a Ca 4\SS _ | 
i i | wea | 
~ au ; i Lill 
ad —- 2 aa Table top 
“ Pili 
n Cutter assembly and supporting fixture Cutter assembly employing mandrel. For 
. . . . * ° r 2 S tri 5 
for trimming the flash from a water trimming stampings having offset in er ee cee woster teed 
cooler cabinet top stamping periphery eer a 3 
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Pressure Feedback Retains Feel of Load 


A POWER BOOST CYLINDER, coupled di- 
rectly to the reverse gear shifting lever of a 
marine or industrial transmission, and operated 
by remote hydraulic control, has been designed 
by Ellingwood Industries of Los Angeles. Known 
as the Ellinwood Model D Remote Control Hy- 
draulic Power Boost, the device is capable of 
exerting a 1,000-Ib. thrust through a 6-in. stroke. 
Movement of the clutch lever is as smooth or 
sudden, as slow or rapid, as the operator desires 
because the system is constructed so that every 
movement of the master control lever is imme- 
diately duplicated by the power cylinder. The 
position of the control handle indicates the rela- 
tive position of the power piston. The system is 
self pressure-relieving so that the pressure cannot 
be left on the power cylinder unintentionally. 
Pressure feedback from the power piston to the 
remote control unit gives the operator the feel of 
the load as he moves the master control lever. 
The remote control power boost is essentially a 
power cylinder and piston assembly, onto which 
is built a selector valve and a slave cylinder. 


In Hydraulic Power Boost 



























ee 


Relief 
valve 















from 
charging 
pump... 
--Temperature compensator 







O°; 











Power 


fines <—~ 
‘ 





/ 


~~Constant pressure spring / 
4 
/ 


4 
Or filter-7 J Master éontro/ lever 


Sleeve cylinder assembly 
“ 






Remote contro/ lines 


7 
“ 


—~__ Selector valve centering spring 
Z 
7 


Cylinder pivot ---JSe/lector valve assembly 


y Clutch contro/ 


‘ ‘ 


/ : arm 
Power cylinder 
Z 4 
Adjustment means for |“ 
altering cylinder stroke’ 
--Fivot 


vent Hydraulic — Bleeder Master cylinder 
pump-enrgine ij synchronizing 
f-ariven Stepped 4 valve 
‘ fs 


_-- Charging valve 


F | 
P 4 Neutral 














Two hydraulic lines lead from the 
slave cylinder to the remote control 
master cylinder. Two other lines run 
from the selector valve assembly to the 
engine-driven hydraulic pump. Move- 
ment of the master control lever puts 
pressure on one of the lines to the slave 
cylinder, so that the slave piston moves 
in the prescribed direction. The slave 
piston pushes on a link to which the 
selector valve is attached. The valve 
is thus opened in the proper direction, 
permitting fluid from the hydraulic 
pump to flow into the power cylinder 
to move the power piston. Movement 
of the power piston continues only as 
long as the slave piston is moving. The 
slave piston moves only while the 
master control lever is moving. Power 
piston movement ceases because the 
selector valve centering spring returns 
the selector valve to the bypass posi- 
tion. With the valve in this position 
the hydraulic power from the pump is 
cut off and pressure on the power 
piston is relieved. Thus the position of 
the power piston is reflected in the 
position of the master control lever 
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Note differential in area of center and 
end pistons to supply pressure feed 
back to remote contro/ unit — 


UY YYyf 


f “ 
J, 





7 / 




















The _ self-centering selector valve is 
of the open-center type. The center 
piston is slightly smaller in diameter 
than the other two pistons. Because 
of this differential in area, approxi- 
mately ten percent of the pressure 
necessary to move the actuated ele- 
ment is transmitted back through the 
slave cylinder to the remote control 
thereby giving the operator a definite 
“feel” of the load. By relieving pres- 
sure on the power piston the self- 





J 
| 
— 





1 
- 











center spring automatically assures 
that power will not be left on uninten- 
tionally. To allow for temperature ex- 
pansion and contraction in the control 
lines a spring-loaded compensator is 
used. 


ee 


Sa a 


























THE LACK of flat surfaces in the combustion chamber proper 
does away with the “‘oil-canning” and rattling that usually occurs 
in domestic gas-fired furnaces during the warmup and cooling 
periods. Newly designed by the Bryant Heater Company of 
Cleveland, this domestic gas-fired steel furnace has several other 
design features of interest. Updraft travel of the gases is used 
instead of the usual “U-shaped” path. This arrangement makes 
it less likely that condensation will be trapped in the transfer 





a) 


1% § 
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Domestic Heating Unit 








tubes to cause corrosion. A removable cover at the junction of 
the transfer tubes and draft diverter allows cleaning without 
disassembly of the flue pipe. The rectangular burner head simpli- 
fies the opening at the front of the combustion chamber and is 
said to provide improved heat transfer without hot spots in the 
combustion chamber. These furnaces are rated at 70, 90, 120 
and 140 thousand B.t.u. per hr. The two smaller sizes can be 
carried through the ordinary doorway, thus simplifying installation. 





To flve 







Heat exchanger 
tubes (Welded 
stampings ) --4 








Removable cover for 
easy cleaning of heat 
transfer tubes 






---Stee/ combustion 
chamber with almost 
no tlat surfaces 








Up draft trave/ 








--- Rectangular -shaped 
4urner head simplifies 
opening at front of 
combustion chamber 
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Split 
Connecting Rods 


And Bearings 


Reduce 
Compressor Size 


HALF THE SIZE of a conventional air com- 
pressor of equivalent rating, the Pressure King 
Compressor achieves part of its compactness 
through the simple design of connecting rods and 
bearings. The four cylinders deliver 1 3/4 cu, ft. 
of air per min. at 60 lb. per sq. in. with a 1/2 hp. 
motor or gas engine. Pulsation and spitting are 
reduced because the four-cylinder action gives 





Air filtering and 
cooling chamber 





Far: type 
fly whee/ 














steadiness of pressure. Output is delivered to the l 





oO 





air chamber for cooling and filtering. The com- 
pressor is built by the Campbell-Hausfeld Com- 


pany, Harrison, Ohio. 






\ 
‘Drain cock for 
filtering chamber 


Pressed stee/ base ---~ 





Connecting rods and bearings are fastened to the crank- 


shaft by slipping the halves of the rods over the split 
bearings and bolting the rod pieces together. Bearing caps, 
shims, lock washers, and similar parts are not needed. 
Connecting rods are of pressed steel; crankshaft and wrist 
pin bearings are bronze. 
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A 7'% in. fan type flywheel circulates air around the deep 
cooling fins on the cylinders. The air cleaning chamber also 
is finned to increase cooling capacity. Moisture collected in 
the cleaning chamber can be drained from base of chambe: 
by removing a pipe plug. The pressed steel base dimensions 
are 20 x 105 in. and the overall height is 14% in. 
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_ PRODUCT DESIGNS 
Fuel Pump Independent of Engine 
SR: CARS ‘ 
A REDESIGNED electric fuel pump, for use on passenger 
cars or trucks, furnishes a delivery capacity up to 15 gallons 
. per hour at a pressure of 21/2 to 3 Ib. per sq. in. As the 
F pump operates electrically, it pumps gas to the carburetor 
: the moment the switch is turned on. The pump cuts off 
when the carburetor does not need fuel. Pumping rate is 250 
strokes of 5/32-in. length per min. in comparison to the 1,000 
or more strokes per min. of the mechanical fuel pump. ‘Thus 
unnecessary wear is avoided. Because the pump is independ- 
; ent of the engine it can be mounted anywhere to isolate it 
: from vibration and make it readily accessible. The pressure 
developed is sufficient to overcome vapor lock. The electric 
Fuel Pump, Model 110 N, is produced by the Stewart 
i Warner Corporation of Chicago. 
Improved, vibration-proof 
switch is inclosed in a hydro- 
gen filled atmosphere to pre- 
vent burning of the contact 
points. 
t—+ nf 
6 or 12 a it Hydrogen 
volt ae switch 
coitsan|-- 
Open ; 
blade -~ Coil “OC” A new design eliminates timers and resistors, replacing them 
switch “DO” ——— with an open-bladed trigger switch in which arcing is mini- 
Armature--~ mized by the use of a field coil to absorb inductive surge at 
ad the moment of contact break. Switch mounting is non-critical 
and requires no special adjustment or readjustments during 
Oiaphragm--——- We Outlet service. The armature does not need lubrication. 
Inlet 
a a oe Position of the diaphragm and valves at the start of the intake 
stroke is shown in the sketch. Coil C is energized, thus pulling 
up the armature to which the diaphragm is attached. This 
+ —> Tr opens the intake valve and draws gasoline into the pump 
6 or /2 iI verge chamber. As the armature reaches the upper limit of its 
and eee = Bie travel, it trips the open-blade trigger switch D. Coil C is 
ons de-energized, and so the spring forces the diaphragm down in 
Open the pressure stroke. As the diaphragm descends the inlet 
blade Ps Cail “S*" valve closes, the outlet valve opens and the gasoline in the 
switch “OD” =——— ‘ ° . 
pump chamber is forced into the line to the carburetor. At 
Armature---"" | the bottom of the stroke, the trigger switch again trips and 
p > the cycle is repeated. When the carburetor no longer needs 
“ , Am fuel its needle valve closes. This stops the flow of fuel and 
n diaphragm-—~- ry pt Outlet creates a back pressure sufficient to prevent the diaphragm 
2 Ch spring from forcing the diaphragm down in a pressure stroke. 
1S Sia al Fill Shiai Pump operation then ceases. As soon as the needle valve 
opens the pump resumes operation. 











6 Pxopuct ENGINEERING — NoveMBER, 1946 99 








PropucT DESIGN briefs 






















Product: PARK CYCLE 
Built by: Reynolds Metals Co., Louisville, Ky. 








Aluminum Cycle 


A child’s cycle, with all structural parts except the bearing collars 
on the front fork and the axles, is constructed of aluminum. The 
D-type frame is used so that the rear wheel supported on a sepa 
rate fork may be adjusted horizontally to provide take-up for the 
V-belt drive. The V-belt is made of flexible steel cables em 
bedded in rubber. Semi-pneumatic tires are used. 


Multi-purpose Projector 


Ihe Apex Multiscope can serve the amateur photographer as a 
daylight viewer, electrical viewer, small table projector and a 
table tripod with 90 deg. tilt that can hold any camera. Die cast 
light metal alloy shell houses the low wattage light bulb. 


Glass Fishing Rod 


More than half a million glass fibers are 
used to form a water-proof glass fishing 
rod. Glass fibers, layed parallel over ta- 
pered wood core, are bonded with a syn- 
thetic resin. Because the glass fibers pos- 
sess a great degree of dimensional and 
physical stability, the flyrod can be built 
to achieve the exact degree of action de- 
sired at the exact weight wanted. The rod 
does not take a set after long use nor is it 
affected by water. It has more uniform and 
greater strength than the conventional 
bamboo rod. — 


= reese me re memneenteenn 





DESIGN CHANGES in the new Stude- 
baker prompted the production department 
to change the assembly operation. The new 
automobiles now roll off the assembly 
lines backwards. Tests show that the work- 
ers can do their jobs easier and more 
efficiently by following, rather than back 
ing away from the cars as they progress 
down the line. 


ULTRA-LIGHT TYPEWRITERS madc 
substantially of aluminum, are expected to 
be on the market this Fall. 


ACRYLIC RESIN is being used for 58 
different parts on 1946 automobiles, accord 
ing to a recent survey. The plastic is going 
into horn buttons, dial and dial faces, and 
exterior light lenses. 


Product: MULTISCOPE 
Built by: Apex Tool & Machine Co 
Glendale, Calif 





cee lente ee CEES Oe 
cette ee . 43 


ete ae 


wee oo 
or  @ 
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RESIN-BONDED GLASS FIBER FLYROD 


Built by: Shakespeare Co., Kalamazoo. Mich 
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Product: TRI-VISION CAMERA 
Manufactured by: Haneel Co 


Stereoscopic Camera and Viewer 


\ twin-lensed camera sold with a companion viewer offers the 
camera enthusiast means of presenting his own stereoscope pic 
tures. The housings of both camera and viewer are of walnut 
cellulose acetate. Battery operated lights illuminate the viewer. 
\ plastic button can be used to stop off one of the lenses in 
order to take a single picture 


Side-Rest Iron 


A household iron features a new method of heat control, a 
four-way sole plate, fabric selector and a safety side rest. Heat 
control is operated by a selector dial placed within easy reach 
at the top of the handle. Dial shows exact temperature as well 
as recommended fabric settings. Side rest allows the iron to 
be rolled on its side instead of tilted back on the heel, thus 
reducing the possibility of tipping accidents. Because a square 
heel is not required, the iron is tapered at the back and thus 
can operate under buttons and into tucks in anv direction 














Portable Battery Charger 


A portable battery charger for automotive 
farm and construction use weighs only 43 
Ibs. A 16-gage aluminum die-stamping 
forms the housing, $ inch aluminum com 


prises the chassis base. ‘Transformer and 
selenium rectifier are glass insulated 





Charger delivers 80 ampers to a 6 volt 


battery and operates on house current 


Product: PORTABLE FAST CHARGER 
Built by: Thomas A. Edison, Inc., Kearny, N. J. 
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Product: WESTERN-HOLLY GAS RANGE 
Built by: Western Stove Co., Culver City, Calif 


AN AUTOMATIC ticket 
chine has been placed in operation by the 
Pennsylvania Railroad. ‘The machine prints 
and issues tickets and gives change. 


vending ma 


A FAN-LIKE PROPELLER with low tip 
speed and a perfect muffler will make a 
light plane virtually noiseless at distances 
as low as 300 ft., according to the NACA. 
In an attempt to reduce the noise level in 
light planes, the investigators have con 
cluded that lower tip speed and more blade 
are the only means of reducing the noise 
level for propeller-driven planes. 


AN ALUMINUM milk bottle, non-break 
able, easy to seal and open, for a single use, 
may soon be on the market. 


Tractor-Compressor 


Mobile construction unit combines a trac 
tor with an air compressor. Compressor 
furnishes 105 cu. ft. of air per minute and 
100 Ib. per sq. in. pressure. Standard 
equipment includes an electrical starter, 
sealed beam headlights and pneumatic 
tires. Auxiliary equipment includes side 
or rear power take-off, snow plow, front 
end crane, grass mower, and a rotary brush. 
Weight dry is 3,400 Ib. The wheel base 
is 75 inches. 
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Product: 


ELECTRIMO 


Manufactured by 


Product: 
Built by: Le Roi Co., Milwaukee, Wis. 


Wes: 


aver 


Sales Div., 


Gas Kitchen Range 


A gas kitchen range has been designed to set flush to 
wall, cabinets and working surfaces on each side. Cook- 
ing surfaces are arranged four-in-line at the back of 
the stove to aid the automatic ventilation in the cabinet 
above the range that removes cooking odors. ‘The 
heating element is a round flat surface to provide even 
heat distribution and for easy cleaning. The gas range 
is fully automatic. Two ovens are side by side, high 
and easy to reach. One is the baking oven and the 
other a special meat oven for broiling and barbecuing. 


Electric Lawn Mower 


The motor that operates the reel type 
electric lawn mower is mounted inside the 
steel cutting blade. The mower rides on 
two free turning metal rollers located be 
hind the 16-in. cutting blades whieh ex 
tend to within less than an inch of the 
Two 
small wheels at the forward 
end of the frame keep the 
mower from nosing in when 
approaching sharp inctines. 
The motor is controlled by a 
handle push button _ that 
snaps off automatically when 


extreme outside frame dimensions. 


slip clutch protects cutting 
blades from damage. Weight 
is 40 lb. Motor operates on 
110 volts. 


San Diego, Calif 
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Fractional Horsepower Motor Ratings 
In Terms of Breakdown Torque 

















Table I—Range of Breakdown Torques For Defining Horsepower 
Revolutions Per Minute 
3600 3000 1800 1500 1200 900 Synchronous r.p.m. 
3450 2850 1725 1425 1140 850 Approx. F. L. r.p.m. 
Breakdown Torque, oz.-ft. Brake Hp. Rating 
2.0 -3.7 2.4- 4.4 4.0- 7.1 4.8- 8.5 6.0-10.4 | 8.0-13.5 | 1/20 
3.7- 6.0 4.4- 7.2 7.1-11.5 | 8.5-13.8 | 10.4-16.5 13 .5-21.5 1/12 
6.0- 8.7 7.2-10.5 | 11.5-16.5 13 .8-19.8 16.5-24.1 21.5-31.5 1/8 
8.7-11.5 10.5-13.8 16.5-21.5 19 .8-25.8 24.1-31.5 31.5-40.5 1/6 
11.5-16.5 13 .8-19.8 21..$-31..5 25 .8-37.8 31.5-44.0 0.5-58 1/4 
16.5-21.5 19 .8-25.8 31.5-40.5 37 . 8-48 .5 44 0-58.0 58 .0-77 .C 1/3 
74 5-345 25 8-37.8 40.5-58.0 48 5-695 38 0-82.5 1/2 
31.5-44.0 37. 8-53.0 | 58.0-82.5 69 5-99.0 3/4 
44 0-58 0 33. 0-69.5 l 
Note: Breakdown torque range includes the higher fgure down to, but not including, the lower figure. 








THE NEW National Electrical Manufac- 
turers Association standards for fractional 
horsepower motors are based on specific 
definitions of motor rating and perform 
ance in terms of horsepower, speed, break 
down torque, service factor, and starting 
current. A discussion of the new basis of 
rating fractional horsepower motors fol 
lows. 


HORSEPOWER AND BREAKDOWN ‘TORQUE. 
Breakdown torque is the maximum torque 
that the motor will develop without an 
abrupt change in speed. In the applica- 
tion of fractional horsepower induction 
motors, the motor should be selected with 
a breakdown torque that is sufficient to 
meet the maximum peak load requirements 
of the application. In order that the new 
standards would be inclusive and provide 
1 definition of rating of any particular 
motor design, the complete range of break- 
down torque is divided into bands for the 
various standard horsepower ratings. Such 

series of torque values associated with 
corresponding horsepower rating provides a 
definite classification of any motor in terms 
of horsepower ratings. 

The values shown in Table I are the 
newly adopted NEMA standards for break 
down torque of single phase fractional 
horsepower motors. Small power single 
phase induction motors are rated primarily 
on the basis of breakdown torque. The 
value of breakdown torque for the purpose 
of defining horsepower rating should fall 
within the ranges shown in Table I. 
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Service Facror. Fractional horsepower 
motors of the open 40 deg. C. rise con 
tinuous rating, referred to as General Pur- 
pose Motors, have a lower temperature 
rise rating than certain motors designed 
for specific duty and load conditions that 
are rated 50 deg. C. rise (open) or 55 deg. 
C. rise (totally enclosed). These tempera 
ture rises are recognized by industry as 
the maximum compatible with long insu 
lation life. 

The users of fractional horsepower 
motors, when applying open 40 deg. C. 





Table Il—Service Factor for General 
Purpose 40 Deg. C. Induction Motors 


HP. Service I actor 
1/20 1.4 
1/12 1.4 
1/8 1.4 
1/6 39 
1/4 TBR 
1/3 eS 
1/2 1.25 
3/4 1.25 
1 at 3600 r.p.m. only 1:25 





rise motors on specific applications and 
known load conditions have recognized 
that these motors may be safely operated 
continuously at loads greater than the 
horsepower rating on the nameplate. It 
became apparent that motor users desire 
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recommendations from the motor manu 
facturers regarding the safe continuous 
overloads that would give the maximum 
safe operating temperatures of the open 
40 deg. C. rise motors, considering the 
inherent 10 deg. 
these 


C. margin of safety of 
motors. This inherent overload 
ability is referred to as Service Factor. 


Fractional horsepower motors, because 
of their physical size and value of break- 
down torque related to full load torque, 
as compared with motors of larger rating, 
have a relatively higher overload ability 
than indicated by 1.15 service factor of the 
larger ratings. 

he service factors, recently adopted as 
standards by NEMA, and given in Table 
II, have been determined to define the 
loading that will give a total temperature 
rise of 50 deg. C. 
fractional 
deg. C. 

The 


nameplate rating is based 


on a general purpose 
horsepower having 40 
rise at the nameplate rating. 


motor 


which _ the 
shall be no 
more than 40 deg. C..for all coil windings. 
This low 


temperature rise on 


limiting temperature rise 1S 
provided to allow a greater factor of safety 


where the service conditions are unknown. 


When authorized by the manufacturer 
such a motor may be operated (at rated 
voltage and frequency and in ambient 
temperature not exceeding 40 deg. C.) 
at a continuous load greater than rated 


load determined by the service factors 
shown in Table II. 
It is recommended that the service 


factor shall be marked on the nameplate 
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of the motor in addition to the rating. 

It will be noted that these service fac- 
tors go up as far as 1.4, which means a 
40 deg. C. motor having a 1.4 service 
factor may be operated at 140 percent load 
continuously. 


STARTING CuRRENT Limits. The maxi- 
mum locked rotor current standard is not 
new, having been adopted by NEMA sev- 





Table til — Maximum Locked Rotor 
Current For 60 Cycle Single Phase 
Motors 


| 


Locked Rotor Current 
in Amperes 


Rated HP, | 


| 115 Volts | 230 Volts 


1/6 and smaller 20 10 
1/4 23 11.5 
1/3 31 5.5 
1/2 45 : 2s 
3/4 61 |; 30.5 





Table iV—Code Letter Designation 
Of Locked KVA per Horsepower 





Code Letter KVA per Horsepower* 





| 


A 0 3.45 
B 3.15— 3.55 
C 3.55- 4.0 
D 40-45 
E 4.5-5.0 
k FO-56 
3.6 6.2) 
6.3 - 7.1 
J 7.1-8.0 
K 8.0 90 
I 9 0-10.0 
M 10.0-11.2 
N 11.2-12.5 
P 12.5-14 0 
R 14.0 —and up 


* Locked KVA per horsepow er includes the 


lower figure, up to but not including the 
higher figure. 








(Eprror’s Note: These explanations of 
the law specific patent cases are not in- 
tended to supplant the services of a 
patent attorney, whose accurate advice is 
necessary to handle individual patent prob- 
lems. ‘The purpose of these explanations 
is to give a better general understanding 
of patent law.) 


NO. 6 


QUESTION: What does the conduct 
of a patentee before or after he owns a 
patent have to do with his rights to en- 
force his patent in the courts? 


ANSWER: ‘The Supreme Court of the 
United States has had occasion recently 
to review what must be the conduct of a 
patentee or the owner of a patent if he 
wishes to come into Court with clean 
hands and secure protection of his patent 
rights. If the man who brings a suit on 
the patent has not conducted himself 
properly he will be denied any rights under 
his patent and any relief against infringe 
ment of it. As the Supreme Court re 
cently said in Precision Co. v. Automotive 
Co. 324 U.S. 806, 815, “Any willful act 
concerning the cause of action which 
rightfully can be said to transgress equi- 
table standards of conduct is sufficient 
cause’ to prevent the owner of a patent 
from having any protection of his rights. 
One’s misconduct need not necessarily 
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Case Histories In Patent Law 


H. A. TOULMIN, JR. 


have been of such a nature as to be pun- 
ishable as a crime or to justify legal pro 
ceedings of any character. 

In the first place, “The possession and 
assertion of patent rights are issues of 
great moments to the public. ***A 
patent by it’s very nature is affected with 
a public interest.” 

In the Precision case the Courts found 
that: Automotive, with at least moral and 
actual certainty, if not absolute proof of 
the facts concerning the perjury in con 
nection with an original patent applica 
tion, “chose to act in disregard of the 
public interest.” Instead of doing all 
within its power to reveal and expose the 
fraud, it procured an outside settlement 
of the interference proceedings, took over 
the fraudulent Larson application, let it 
issue into a patent and then attempted 
to bar other parties from ever questioning 
its validity. 

Interference proceedings in the Patent 
Office over priority of invention have fre- 
quently been tainted with fraud. The 
lesson of this case is that no settlement 
should be made of a Patent Office inter 
ference and no rights acquired under any 
patent where there is the slightest doubt 
as to its legality and the honesty of the 
application. While Automotive knew 
that Larson’s application was fraudulent 
and his statements perjured, it acted in 
complete disregard of that belief. It 
should not, therefore, have acquiesced in 





eral years ago. The standard provides 
that the locked-rotor current of 60 cycle, 
single phase motors, (900-3600 r.p.m. 
range) of any type, except those split- 
phase motors at present used on washing 
machines and ironing machines, shall not 
exceed the values given in Table III. 

The NEMA standards list code letters 
to designate the starting current in terms 
of “locked kva per horsepower” are shown 
in Table IV. 

The recent standardization extends the 
stamping of the National Electrical code 
letter on the motor nameplate of frac 
tional horsepower motors to 1/20 hp 
rating. This provides a marking from 
which can be determined the actual start 
ing current and provides a check as to 
the motor’s conformance with the stand 
ard for locked rotor current. This is of 
value to suppliers of control equipment 
and power suppliers. 

This NEMA standard for small motors 
is concerned primarily with minimum 
values, and does not restrict the inventive 
ness or ingenuity of motor manufacturers 





such a position without reporting it to 
governmental authorities and should not 
have acquired interest under what it knew 
to be a fraudulent patent application. 

A settlement of a Patent Office inter 
ference where the patent is known to be 
invalid by reason of fraud or otherwise, 
is contrary to equitable considerations 
Ihe public interest attaches and no liti 
gant, whether plaintiff or defendant, has 
the right to settle under any such patent 
grant or to take it over and prosecute it 
later, well-knowing it is based upon a 
fraudulent foundation. 

As the Supreme Court pointed out, 
“Instead of pursuing the interference pro 
ceedings and proving the fact that Zim 
merman’s claims had priority over those 
by Larson, Automotive chose to 
enter into an outside settlement with Lar 
son, Precision and Snap-On, whereby Lai 
son conceded priority.”” And it said, “But 
whereas here the settlement is grounded 
upon knowledge or 


asserted 


reasonable _ belief 
perjury which is not revealed to the Patent 
Office or to any other public representa 
tive, the settlement lacks that equitable 
nature which entitles it to be enforced and 
protected in a court of equity. “Such 
inequitable conduct impregnated Aut 

motive’s entire cause of action and just! 
fied dismissal by rescrt to the uncle 

hands doctrine.” Keystone Driller Con 
pany v. General Excavator Company, 2 


U. S. 240, 245. 
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Fig. |—Spot welding machines, often arranged in banks, are shown here spot tacking stainless steel half-stampings. 


Spot Welding Design Data 


FREDERICK S. DEVER 


The Ryan Aeronautical Company 


Limits for edge distances and for distances between adjacent spot welds, limiting 
diameters of spot welds, types of spot-welded joints and the efficiencies of such 
joints are defined in terms of material thickness. Selected information of general 
interest to designers about spot welding and the inspection of spot welds is included. 


DURING the past decade, spot welding 
in the fabrication of aircraft has grown from 
a process, little used except for joining non- 
structural parts, lightly stressed secondary 
structures and for temporarily holding parts 
together prior to riveting or fusion weld 
ing, to a fabrication method for joining 
Many primary aircraft structures. This has 
come about with the development of bet 
ter spot welding equipment and through 
oncerted efforts to improve the shear 
trength and consistency of spot welds. 
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Although a list of requirements hardly 
defines a criterion of good design, the fol 
lowing requirements are essential to satis 
factory design: 

1. Applied loads on spot welds should be 
shear loads, because spot welds inherently 
develop focal points of stress concentra 
tion at the edges of the weld and the 
inner faces: of the sheets under tension or 
angle loads. 

2. Parts should be designed so that spot 
welds are never stressed in tension, because 
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the strengths of spot welds in tension arc 
erratic and cannot be relied upon. 

3. Compression loadings are allowable 
providing the design will not permit the 
spot weld to be stressed in tension as a 
result of shifting or movement of the 
An assembly of light 
material requires design to 

that the will not cause 
buckling, which is likely to change the 
spot weld loading from shear to tension. 

4. Ample edge distances are 


compression loading. 
gage careful 


assure stresses 


necessar\ 
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Fig. 2—Curve defining minimum edge distance of spot welds as a function of material thickness. Fig. 3—Curves show- 
ing maximum and minimum diameters of spot welds as functions of material thickness. 


for two reasons: (1) To allow adequate 
space for the electrodes to apply pressure 
around the entire area where the weld is 
to be formed; and (2) to leave sufficient 
wrought material around the cast struc- 
ture of the weld to carry the stresses. 

[he edge distance will vary depending 
upon the type and thickness of the mate- 
rial. Fig. 2 gives the minimum edge dis- 
for different material thicknesses. 
In designs where space limitations do not 
permit the use of these minimum edge dis- 
tances, the edge distance can be reduced 
somewhat by trimming after spot welding. 
‘Trimming to the edge of a spot weld row 
decreases the area of wrought material 
carrying the stresses around and over the 
cast structure of the spot weld, and conse 
quently causes a reduction in the shear 
strength of the joint. 

As the material thickness increases, the 
diameter of the spot weld must be in- 
creased to develop proportionate shear 
strengths. Fig. 3 maximum and 
minimum diameters of spot wells as func- 
tions of material thickness. Shear strengths 
for use in design calculations of spot- 
welded parts are given in Table I. De- 
signs using material of two or more thick- 
nesses should be based upon the shear 
value of the thinnest material in the joint. 
The engineering drawing should specify 
the minimum shear strength of one spot 
weld. 


tances 


shows 


Spot weld patterns (spot groupings) are 
of great importance in the design of spot- 
welded structures. Arrangements similar 
to rivet spacing are used to obtain high 
joint efhiciency. They can be divided 
roughly into three classifications: 


SINGLE Row, in which the spot welds are 
aligned in one row on a definite center-to- 
center dimension, Fig. 4(A). This joint re- 
quires the least overlapping of the sheets. 
The overlap is determined by the material 
thickness, which in turn, through the re- 
quired shear strength, determine the other 
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Fig. 4—Spot welds in joints are arranged in (A) single row, (B) double row and 
(C) double row staggered, similar to the manner in which rivets are spaced. 


dimensions such as weld diameter and edge 
distance. Fig. 5 shows 
center-to-center spacing and joint efficiency. 


Dovste Row. This arrangement, Fig. 
4(B), requires a greater overlap of material 
than single row. The joint efficiency will 
be from 95 to 100 percent if the spot weld 
spacing given in Fig. 6 are used. It is often 
good practive to utilize the double row 
pattern even though spot weld strengths 
may be below average minimum. A double 
row pattern more evenly distributes the 
loading and results in an assembly giving 
1 longer and more satisfactory service life 
than a single row of spot welds of higher 
average shear values. The double row joint 
under severe vibration and fatigue stress 
has been found to be more suitable. 


recommended 


Dovuste Row Sraccerep. In this pattern, 
Fig. 4(C), the joint efficiency is approxi- 
mately equal to that of the double row pat 


tern, although the double row staggered is 
not as well stressed. There is considerable 
difference of opinion as to which joint is 
the more efficient for general service usage 
[he material overlap in the double row 
staggered is less than that of the doubl 
row arrangement. 

When the strength requirements of 
design are high and a number of spot welds 
must be spaced within a comparatively 
small area, the minimum pitch should not 
be less than the pitch specified in Figs. 
5 and 6. If the joint is composed of un 
equal thicknesses of material, the material 
of lesser gage should be used in establish 
ing the pitch. Designs having large pitcl 
should be analyzed. If the pitch is too 
great, the spot welds may have localized 
stresses that tend to overload and caus 
failure of single spot welds. This condition 
once started is progressive until failure of 
the joint occurs. Progressive failure is not 
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ilways apparent .in static tests, but fre- 

















quently becomes serious under vibration . Table |—Allowable Shear Strength per Spot Weld for Design Use 
oti fatigue. These values are 85 percent of minimum allowable values in Army-Navy Specifications 
he curves of Figs. 5 and 6 apply to all as ti A Desi = | Desien Sh 
onaieal esign Shear Stre s sign She > ear 
materials to be spot-welded in the same Material | of $25,538 and 61S, | Strengths of R-301, Strengths 
way, being based on geometric factors and Thickness, | Aluminum Alloys,* 14S, 17S, 24S and 75S of Steel, + 
not on material constituency. If the pitch in. lb. Alclad aluminum alloys, lb. 
is too small, an electrical shunting effect | Ib. 
vill occur with part of the discharge of ———<s=—-i7, CO — —— a ee 
the current being shunted through the 0.012 68 85 187 
irea Of the adjacent spot weld. This tends 0.016 99 119 276 
to produce erratic shear values for each 0.018 ad 323 
spot weld in the joints. If the pitch is too : vo 7 cae As 
great, a mechanical buckling of the excess “i : 
material between adjacent spot welds may 0.031 714 
5 occur thereby causing undue shear loads 0.032 255 247 ‘ 
upon the individual spot welds. : vt 340 315 ate 
= "he materials that can be spot-welded 0.043 1,148 
ire almost unlimited although those that 
» develop extreme hardness as a result of 0.050 : ; 1,445 
heat-treatment may present difficulties that z oo ie = 1.968 
m make spot welding unsuitable. Examples 0 064 | 680 680 oe 
of such materials are X4130 and 4140 0.072 799 850 
steel. Because of the marked reaction of 0.078 2,788 
these air hardening steels, with resultant 0 081 gss 1.020 
shrinkage and extreme thermal stresses, 0.091 1.088 1190 
{ the formation of sound and uniform spot 0.093 3,515 
velds would not be possible. The alumi 0.102 1,250 1,360 
num alloys, the stainless steels, low carbon ; a an +“ | 4.875 
ind some other allov steels all lend them . ’ 7 id 
j selves to satisfactory spot welding. 
Designers should not arenes the fact * All tempers except annealed. t Tensile strength from 75,000 to 150,000 Ib. per sq. in 
that a change in materials has a marked 
influence on welding machine capacity. 
The welding current required for two 
.016-in. thicknesses of 18-8 stainless steel alloy steels may be spot welded in future. sheet thicknesses is not desirable because 
is approximately 4,750 amp. Two sheets Materials having resistances of equal only a small proportion of the total strength 


0.125-in. in thickness require about 13,500 value can be spot-welded together even of the thicker members can be utilized. 
amp. In contrast two sheets of 0.016 and though the chemical compositions are not Keeping the thicknesses of the gages to be 










































































0.125-in. aluminum alloy require about the same. It is preferable to weld mate-  spot-welded as nearly equal as possible al 
4 14,000 amp., and 35,000 amp., respec rials of similar composition. In aluminum — lows for uniform penetration, rapid pro 
tively. During the war vears the spot weld- alloys the electrical resistance varys accord- duction and tends to prevent critical spot 
ing of attaching plates or lugs to armor ing to the chemical composition of a given welding conditions. A ratio of 31/2 to 
_ plate was done with considerable success. alloy. The thinnest sheet is the determin | in thickness of two sheets should not be 
nd Because of the success in this field many ing factor in developing strengths of the exceeded. 
.d spot weld technicians believe that, with spot weld. For this reason the designer In the absence of a design manual the 
research and development, many more must bear in mind that a wide variation in designer should consult the production 
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pitch and distance between rows for two and three row patterns, along with the corresponding joint efficiencies. 
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Fig. 7—Semiportable units such as this, which is counterbalanced, air operated 
and water cooled, can be used in spot welding unusual and hard-to-reach 
joints. Semiportable units are also used in spot-tacking operations. 


man for the limiting dimensions and clear- 
ances of available spet welding equipment. 
This is sound practice because, while the 
gage combinations may be well within the 
capacity of the machine, sufficient head 
clearance must be allowed around the 
electrodes so that the holders and elec 
trodes may enter the area to be spot-welded. 
Availability of this kind of information to 
the design engineer, together with spot 
weld diameter, edge distance, spot pattern 
ind spacing, will yield twofold results— 
sound design and increased production. 
The following list contains a few recom- 
mendations gathered from Ryan experience 
is to the information the designer should 
have at hand: 


1. Throat depth of spot welding machine; 
2. Distance between arms; 

3. Diameter of electrode holders; 

+. Dimensions and shapes of standard elec 


trodes commonly used by the produc 
tion department; 


>. Angular set-ups possible on the machine 
available; 


6. Special electrodes such as offset and 
others that are available; 
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Minimum and maximum clearances re- 
quired by production for the fabrication 
of channels, hat sections, Z-bars and 
others. 


While it is not the intent of this dis 
cussion to persuade the reader that spot 
welding is an all-purpose method of manu- 
facturing, there are, nevertheless, many 
lightly stressed assemblies in which spot 
welding can replace rivets. In some in 
stances the substitution can be made di 
rectly while in others a slight modification 
in the design of the part may be required. 
Where redesign is indicated the increased 
production and decreased cost generally 
offset the expense incurred. 


Preparing Materials for Spot Welding 


Because of the high electrical conduc 
tivity and rapid heat transfer characteristic 
of aluminum alloys, extreme care must be 
taken in the preparation of them for spot 
welding. Surface cleanliness is one of the 
primary requisites for consistency in the 
spot welding of these alloys. 

The cleaning operation will vary, de 
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pending upon the material. The principal 
function of the cleaning operation is to 
remove oils, greases and other contaminants 
the electrical resistance of which would 
prevent a uniform current flow through the 
material. Since considerable literature has 
been written regarding suitable cleaning 
methods, they will be mentioned only 
briefly here. 

Cleaning can be divided broadly into 
two general types: (1) Mechanical brush- 
ing, in which steel or wire brushes or, in 
some processes, rubber bonded abrasive 
wheels will lightly polish the surface of the 
material to be spot-welded in the weld 
area. The initial cost of equipment is low; 
labor cost for its operation is relatively 
high. Because of the difficulty of obtaining 
consistently uniform results, and because of 
the danger of removing the protective layer 
of aluminum from alclad alloy, mechanical 
brushing has not achieved general accept 
ance. (2) Chemical solutions. A wide 
varietv of chemical solutions are available, 
all of which essentially perform cleaning 
in the following manner: 


Step 1. Remove oil and grease; 

Step 2. Rinse; 

Stepp 3. Remove oxides to establish uni 
form surface; 

Step. 4: Rinse and dry. 


Stainless steels (18-8 type) may be satis 
factorily cleaned for spot welding by one 
of two methods: Annealing followed by a 
chemical pickle and rinse, or in the event 
the parts are oily and greasy, removal of 
the oils and greases, followed by rinsing 
and then a light acid etching. 

Steel parts that have been sand blasted 
have a surface that renders them unsuitable 
for spot welding because of two reasons: 
\ certain amount of silica from the sand 
is entrapped or embedded in the metal sur 
faces. These silica particles offer consider 
able resistance to electrical current flow 
and this “‘bypassing” seriously affects spot 
weld consistency. The second reason for 
the unfitness of sand-blasted steel is that 
the roughened surface resulting from the 
sand blasting prevents the development 
of a uniform electrical contact and cur- 
rent flow so that the spot weld formed 
varies in strength, usually being below 
minimum requirements. 

Parts that have been sand blasted can 
be prepared for spot welding by annealing 
them at a scaling temperature, followed by 
pickling. In severe sand blasting it maj 
be necessary to scale and pickle the part 
twice. 

Following the cleaning and drying of 
parts, the general operation is assembling 
Because assemblies are normally handled 
by the spot welder and his helper, smal 
assemblies are the rule and weight 


usually limited. Assemblies can be held 
together temporarily either by spot-tacking 


or by mechanical Cleco fasteners or clamp: 
Considerable difficulty can be caused ft 








at 
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the spot welder if the assemblies are not 
handled in such a manner as to keep them 
clean. Chips lodged between sheets, oils, 
greases and general contamination that 
can mar the surface of these parts during 
assembly, will cause trouble. 


Meeting Specifications 


Certification of each spot welding ma- 
chine for each gage combination of ma 
terials is an important phase in meeting 
and maintaining requirements for strengths 
of spot welds. Both the Army and Navy 
require certification of equipment. These 
requirements are comparable in many re- 
spects and serve equally well for com 
mercial practice. The following are some 
of the more important requirements from 
the specifications of the Bureau of Aero 
nautics, U. S. Navy: 


1. Twenty-five specimens shall be made 
with a single spot on the gage combination 
to be certified. 

2. The spot weld specimens shall equal 
or exceed the minimum shear value for the 
ightest gage in any test combination. 

3. In 21 of the 25 specimens the varia 
tion in strength shall not vary by more 
than 10 percent from the average value of 
the 25 specimens. The remaining 4 speci- 
ments shall not vary over 20 percent from 
the group average. 

4. Twenty-five single spot specimens 
shall be sectioned and etched to show the 
nternal structure of the weld. These spot 
velds shall be reasonably free from porosity 
ind cracks. Certain minor defects may be 
illowed, providing they are within the 
specified limits. 


Ihe Navy specification requires tension 
tests on spot welds. These tests are not 


indicative of the service loads to be ex- 
pected, but they do furnish other informa- 
tion such as uniformity of spot diameter, 
penetration and soundness of the spot 
welds. 

Since the Army specification does not 
require tension tests on spot welds, two 
deductions can be drawn: The one of 
greater importance is that spot or resistance 
welding is an accepted method of fabrica- 
tion, and that the process must be carefully 
controlled in normal, routine shop oper- 
ation in order to be able consistently to 
meet the requirements of the rigid tests 
covering the certification of spotwelding 
equipment. It should also be noted that 
the amount of inspection to which this 
process is subjected, both in certification 
of the equipment and during fabrication, 
exceeds that required for arc and gas weld- 
ing. For this reason it is logical to assume 
that considerable improvement can be ex 
pected in the future to reduce the severe 
inspection requirements and point the way 
toward a demand that the equipment be 
more fool proof. 

Practice of aircraft companies has been 
to set minimum shear-strength require 
ments five to ten percent above those 
stated in Army and Navv specifications. 
The values in Table I are 85 percent of the 
Army-Navy values. This practice safe 
guards the fabricator so that spot weld on 
the border line of the company’s minimum 
shear value will fall below the AN stand 
ards. Shear strength values for a given 
gage combination, taken over a period of 
months, have proved that the shear values 
from ten to fifteen percent above the com 
pany minimum are the easiest to maintain. 
\n adherence to these percentages will 
result in satisfactory spot weld consistency. 


In spot welding an assembly, the oper- 





Fig. 8—Seam welding by a series of overlapping spot welds produces gas 
tight points. Note the water spray cooling and the means of revolving drum. 
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ator must exercise care to keep the elec 
trodes clean at all times. The aluminum 
alloys have a tendency to alloy with the 
copper alloy electrodes. When this oc 
curs the increased resistance that develops 
at the point of the electrodes makes for 
irregular welds and prevents uniform cur 
rent delivery. The operator should see to 
it that the edge distance and spacing is 
properly maintained and also that the spot 
weld pattern is symmetrical and uniform in 
size. 

During production runs, an inspector 
can advantageously check the machine at 
regular intervals for shear strength and ap 
pearance of the spot welds. At longer in 
tervals metallographic examinations ought 
to be made. The metallographic examina 
tion can be conducted by the men in the 
shop by simply sectioning through the 
spot weld, etching lightly and examining 
with a magnifying glass. In cases of doubt 
the parts can be sent to the laboratory for 
complete metallographic examination. 
Whenever the shear strengths fall below 
the allowable percentages, the machine is 
removed from production until settings 
and adjustments are made that will pro 
duce satisfactory welds. 

Since there are so many variables that 
can cause defective welds, a word of cau 
tion is injected here. In making set-ups 
the operator or set-up man should be 
ware that improper cooling of the elec 
trodes, improperly dressed tips, too wide a 
variation from standard settings, im 
properly cleaned materials, as well as many 
other factors can produce spot welds of 


unacceptable consistency 


Inspection 


Inspection procedure tor spot welded 
assemblies and parts and the routine ob 
served by the inspector in performing his 
job are worthwhile information to the de 
signer as well as to the production engi 
neer. ‘The inspector is confronted with the 
same problem that faces an inspector of 
are welded material in that the method of 
inspection and testing is nondestructive. A 
sequence of observations that the inspector 
makes in deciding whether to accept or 
reject the part are as follows 
1. Inspect for the appearance of the 
welding as to shape and size of the spots 
The exterior appearance of the spot on the 
face of the sheet is not always a true indi 
cation of the internal size of the weld. 

2. Check the spacing of the spot welds. 
3. Inspect the center of spots for it is 
here that cracks are more likely to occur. 
4. Inspect for flash both internal and ex 
ternal. 

5. Inspect for spot weld indentation 

6. Inspect for sheet separation. 

Inspect for surface burning. 

8. Correlate the foregoing observations 
with shear test data and metallographic 
examination conducted earlier. 
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Fig. |—Ultra compact 360 cycle electric drill. (A) Motor for this tool weighs | lb. (B) Exploded view of drill. 


360 CYCLE MOTORS 
For Compact Design of Portable Tools 


Assistant Chief Engineer, Robbins and Myers, Inc. 


J. H. KARR 


Use of 20,000 r.p.m. motors is major step in reducing size and weight of low-maintenance 


portable electric tools. Power, weight, speed, losses, and similar relationships for 360 


cycle motors compared with 180 cycle designs. Discussion of a typical tool application 


and four factors engineers should consider in changing to 360 cycle power drive are included. 


THE RECENT APPLICATION of 360 
cycle polyphase induction motors to make 
possible smaller and lighter tools ranks in 
significance with the pioneering use of 
180 cycle tools introduced about twenty 
years ago. The use of 180 cycle tools was 
the result of a demand from the automo- 
tive and other industries with continu- 
ously operating production lines for tools 
that were as small and light as those driven 
by universal motors but that would re- 
quire less maintenance. As shown by 
Fig. 1, this trend is accelerated by the 360 
cycle tools that are exceptionally compact, 
simple and sturdy. 

It is well known to designers that 
within certain limits the volume, or weight, 
of a motor is directly proportional to the 
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power output and inversely proportional 
to the speed at which the motor operates. 
Or, if a motor is required to deliver a 
certain amount of power, the volume, or 
weight, of the motor can be reduced in 
the same proportion that the speed is in- 
creased. 

This speed and power relationship can 
be controlled in a universal motor by de- 
sign adjustment of windings without re- 
gard to frequency. However, if the advan- 
tages of sturdy construction, minimum 
maintenance, and light weight of the poly- 
phase induction motor are to be realized, 
a power source of the proper frequency is 
necessary to obtain a suitable motor speed. 
Because a special frequency source is re- 
quired, each application of high frequency 


tools should be carefully analyzed to in 
sure that it is economically justified in 
terms of the end result. 


20,000 R.P.M. Motor 


The speed of a two pole induction 
motor on 180 cycles is approximately 10,- 
000 r.p.m. under load. A two pole, 360 
cycle motor, runs 20,000 r.p.m. Twenty 
years ago, 10,000 r.p.m. was probably con- 
sidered a reasonably high, yet relatively 
safe motor operating speed, limited to 2 
large degree by the life of available ball 
bearings and gears. The record of hun- 
dreds of thousands of universal tools 1s 
proof that motor speeds of the ®rder of 
20,000 r.p.m. are entirely practicable. ‘Thus 
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is especially so with induction motors that 
have no commutators and brushes. 

The selection of 360 cycles as an alter- 
nate high frequency standard has been 
influenced by a number of considerations. 
Results of tests over a rather wide range of 
frequency indicate that 360 cycles is a 
reasonable compromise between various 
divergent factors. Although motor size 
can be reduced as frequency is increased, 
it is usually necessary to gear down the 
high motor speed to some more or less 
fixed output speed. Exceptions to this are 
grinding wheels about | in. diameter or 
less where 20,000 r.p.m., or more as the 
diameter is reduced, is required to give 
suitable surface speeds. 

Other tools such as drills, screw drivers, 
sanders and polishers require relatively low 
speeds and necessitate gearing. As motor 
bulk is reduced by increased frequency, 
additional gearing is required to obtain the 
necessary spindle speed. At some point, in- 
creased gear weight and bulk begin to off- 
set savings in motor weight and size. 

Assuming that a certain amount of 
power is required at the spindle of a tool, 
the actual power output of the motor must 
be increased as the gear ratio is increased 
since in general the gear efficiency will be 
reduced for the higher ratios of reduction. 
Increased motor losses, resulting from in- 
creased power requirement at higher fre- 
quency and increased losses in gears both 
add to the problem of cooling the tool. 

The matter of cooling is also aggravated 
by putting a motor, having a certain horse- 
power rating, into a smaller housing as a 
result of the increased frequency. How- 
ever, the cooling system is inherently more 
effective because the ventilating fan is 
operated at increased speed and will there- 
fore carry away more heat if ventilating 
openings and fan are properly designed. 








Table |I—Comparison of 180 and 360 Cycle Motors 
For Different Frame Sizes 











180 Cycles 360 Cycles 
Motor Max. Max. 3 
OD)21 Mot .c I ? Copper . Iron 
cae ‘pu bean aaa ps pm Rcd Lows Loss 
A 4.5 1.00 170 50 15 300 59 21, 
B 7.9 1.60 320 63 23 600 83 29 
eee 12.4 2.87 750 99 26 1,500 178 46 
D 17.8 4.25 1,500 161 43 2,500 215 71 
E 34.0 7.75 3,200. 367 91 5,000 380 119 











* at 2/3 max. watts output 





Adequate provision must be made for 
dissipation of the heat resulting from these 
losses. The losses in Table I are about 
what experience indicates can be tolerated 
in tools that have well designed, conven- 
tional types of ventilating system. A typical 
ventilating system is illustrated in Fig. 2. 
Propeller type fans have been found to be 
quite effective. Motor housings are usually 
tibbed to provide space over the field for 
passage of cooling air. 

The effect on weight of motor parts for 
operation on 180 and 360 cycles is shown 
in Table I. Representative frame sizes and 
ratings are tabulated. Ratings are not 
necessarily the ultimate that can be real- 
ized from given frame sizes but represent 
average designs. In accordance with cus 
tomary practice in the portable tool in 
dustry, ratings are given in terms of maxi 
mum power that the motors deliver. 

All designs are for essentially constant 
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Fig. 2—Typical ventilating system for a compact 360 cycle portable tool. 
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ratios of maximum torque to full load 
torque and starting torque to full load 
torque. In addition to weight, Table I 
also shows the product of stator diameter 
squared times length of stack (a measure 
of volume) and a breakdown of motor 
losses. No attempt is made to tabulate 
nechanical losses since these losses vary 
widely with different motorized tools. It is 
important to note the increased losses that 
result from increased power output from a 
given frame size. 

Two typical and significant design situ- 
ations are shown in Fig. 3. First, for aver 
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Fig. 3—Relationship of copper and 
iron loss at 360 and 180 cycles. 


age designs, the iron loss for either 360 
or 180 cycle operation is directly propor- 
tional to maximum watts output; second, 
the ratio of 180 cycle copper loss to 360 
cycle copper loss for given maximum watts 
output is generally greater than 1.0 and 
this ratio increases with the maximum 
watts output. The actual distribution of 
these losses is of course within the con 
trol of the designer. However, for given 
laminations and core lengths a redistribu 
tion of losses can be brought about only 
through changing the ratios of starting 
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Fig. 4—Effect of frequency and mo- 
tor rating on weight of motor parts 
based on per unit maximum output. 


torque and pull-out torque to full load 
torque. Since these ratios are fixed within 
rather narrow limits by the nature of the 
application, the curves shown are typical. 

Fig. 4 shows effect of frequency and 
motor rating on weight of motor parts per 
unit maximum output. 

A typical 360 cycle polisher or grinder 
is shown in Fig. 5. This particular tool 
weighs 10 1/2 lb. and develops 3,000 watts 
maximum. The motor weights 3 3/4 lb. and 
Fig. 6 gives significant performance data 


Four Application Factors 


New applications of 360 cycle tools, or 
changeover from 180 to 360 cycles, intro- 
duce several questions that engineers should 
consider, including: 


1. What power sources are used for 
360 cycles? As for 180 cycles, either fre 
quency converters or alternators are used 





The former, and least expensive, probably 
offers the most satisfactory source for 
power requirements up to 10 or 15 kw. 
By driving the converter at relatively high 
speed, for example 3,500 r.p.m. favorable 
size and performance characteristics are 
obtained. For example, a particular design 
of a 74 kw. converter weighs 490 Ib. and 
has an inherent voltage regulation of 10 to 
12 percent at full load, 80 percent power 
factor. 

Principal disadvantages of frequency 
converters are that they do not lend them- 
selves to simple voltage control and regu- 
lation. Also, the converter primary draws 
a relatively large current at low lagging 
power factor. This characteristic, as well 
as inherent line voltage regulation, can be 
controlled with suitable capacitors installed 
for power factor correction. It is worth 
noting that the matter of power factor 
correction becomes simplified at higher 
frequencies because of the reduction in 
required condenser capacitance. 

Large power installations usually require 

alternators as power sources. 
2. Are special transmission circuits re 
quired for 360 cycles? The use of the 
usual 60 cycle circuit for transmission of 
180 or 360 cycles would result in excessive 
voltage drop in the lines even though 
such lines are normally not more than a 
few hundred feet in length. 

Voltage drop in transmission lines is 
caused by two line characteristics: Resis 
tance and inductive reactance. The latter 
is normally the predominate characteristic 
ind its magnitude is directly proportional 
to frequency for a given arrangement and 
size of conductors. For example, if 100 
amp. in a 180 cycle system results in 10 
volts inductive reactance drop, the same 
current in the system at 360 cycles would 
result in 20 volts drop. The variable fac 
tors in this inductive reactance voltage drop 
are current, frequency, conductor size, and 


conductor spacing. 





Where D is the spacing between con 
ductors and R is conductor radius, the 
voltage drop is proportional to log (D/R 
for equilaterally spaced, round conductors 
Therefore, it is theoretically desirable for 
a transmission system to have a lower 
D/R ratio for 360 cycles than for 180 
cycles. Since R is fixed to a certain extent 
at least by current carrying capacity con 
ductor spacing, D is the principal factor 
subject to change. In some systems it may 
be impossible to reduce D since it has 
already been set up on the basis of safe 
clearance between conductors for the 
voltage involved. 

The resistance voltage drop of the lines 
will also be increased somewhat on 360 
cycles because of skin effect at the higher 
frequency. The variables here are fre 
quency and conductor size. However, the 
effect is ordinarily only a few percent and 
its consideration can in most instances be 
neglected. 

3. Can 180 cycle generating equipment 
be converted to 360 cycles? If the ma 
chine is an alternator the answer is prob 
ably no. Since the number of poles in 
the alternator is fixed, the only way to 
double the frequency is to double the 
speed. It is unlikely that the mechanical 
design of the alternator would permit this 
speed increase. In any event, the arma- 
ture and probably the field would have 
to be rewound to obtain the correct volt- 
age at the higher frequency. 

Depending upon the number of slots in 
rotor and stator, it may be possible to re- 
wind a 180 cycle frequency converter for 
360 cycles. To realize reasonable voltage 
regulation the unit will have to be de 
rated at the higher frequency. 

4. Is a 360 cycle tool more dangerous to 
operate than a 180 cycle tool? No. As a 
matter of fact the possibility of personal 
hazard is reduced in the 360 cycle tool since 
the tendency is for high frequency current 
to flow at the surface of a conductor. 
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Buckeye Tool Corporation 
Fig. 5—A 334 pound, 360 cycle motor drives this portable polisher or grinder. Fig. é—Operating characteristics of 
the 360 cycle motor driving the polishing and grinding tool shown in Fig. 5; motor produces 3,000 watt maximum output. 
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scellaneous aluminum finishes on nameplates, hardware, costume jewelry, and collapsible tubes. 


FINISHES FOR ALUMINUM 


Mechanical, Chemical, Organic, and Electrolytic Treatments 


R. E. PETTIT 


Development Engineer, Aluminum Company of America 


[Hk \ ARIOUS TYPES of finishes  nishing, sand blasting, and many other 


ilumimum, most mechanical and Mechanical finishes #e commonh 1 as 
il finishes are used as decoration — surface preparation for subscquent chemi 
or sometines utilized as a_ surface cal, clectrochemical, or organi yatings 
ition for subsequent coatings of ind are frequently utilized for purely 
tvpes. Electrochemical finishes pro decorative purposes 
rotective and attractive coatings, and Phe techniques of ipplving mechanical 
dved to give unlimited decorative finishes to aluminum are similar to thos« 
Organic coatings are used wherc used in obtaiming comparable finishes on 
| protection and decoration can ther metals. There are necessary differ 
obtained otherwise ences In practice, however, which are thi 
the mechanical finishes commonly result of aluminum’s physical properties 
1 industri in be applied to alu For example, in grinding and polishing, 
These include grinding, polish- lower wheel speed and finer abrasives 
ifing, scratch brushing, ball bur re required, because aluminum and _ its 
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HO" 1 olMewhiat ofter than manv of 


the other commonly used metals. Further 
- 1 T rn 

more, aluminum’s high coefficient of fri 

ion causes enough generation of heat dur 

ng certain operations to emphasize th 


Importance of proper lubrication 


\ vanetv of ratiy n 1i¢ il 
ipphed to aluminum by mechanical 
means, in which nothing is added to the 
surrace tf the metal to protect it or to in 

1s ts resistan t rasion. One such 
Mish as produced Db 1 Tl I Oop ravion 


grinding, polishing 


OmMmmonIV Classined a 
buffing, and coloring, with the polish: 


operation generally subdivided into rough 
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ing and oiling. The sequence of opera 
tions is essentially the same regardless of 
the product 

he coarse polishing or roughing oper 
ation is the preliminary step in finishing 
uneven or deeply scratched surfaces. Sand 
castings always receive this treatment, 
generally with a smooth wheel faced with 
60 to 100 mesh emery. The secondary 
polishing operation, oiling, differs from 
roughing in that finer abrasives and softer 
wheels are used. Felt wheels faced with 
100 to 160 mesh abrasive (generally emery), 
and sufficient lubricant, are customary. Sub 
sequent buffing produces a lustrous finish. 
Hither stitched muslin 
can be used with paper or wood separators, 
as determined by the character of the work. 
Coloring, the final operation, imparts a 
characteristic silver-white color and high 


luster to the surface of the metal. Color 


loose OI wheels 


ing is usually done with open muslin o1 
canton-flannel wheels, using Vienna lime, 
or white silica in brick or cake form, as 
the abrasive. No metal is removed by this 
operation 
Screw-machine products are sometimes 
given the greasing, bufhng, and coloring 
although the treat 
ment is usually disregarded. More often 
are finished by 
tumbling, or left unfinished 


Wrought 


treatinent, greasing 


screw machine products 
products, 


principally sheet, 


ire merely buffed and colored. Fl orgings, 
tubing, and extrusions can also be satis 
factorily finished in this manner. When 
these products are to be fimshed, it is 
desirable to employ the oiling operation 
prior to buffing especially if the die lines 
or other surface markings are to be re 
moved 

Scratch brushing is extensively used to 
break up large areas of flat surface scale. 
\n acid pickle, such as a mixture of 
chromic acid and sulphuric acid, may some 
times be required. Surface blemishes, such 
as scratches or pits, if not too deep, can be 


bufhng. ‘The 
fineness of the finish desired governs the 


removed by coarseness OF 
size of the wire used in the brush 

Upon completing this scratch brushing 
operation, the parts should be immersed 
in concentrated nitric acid, or a 50-50 mix 
ture of this acid with water, to dissolve 
out minute particles of imbedded wire. 
If allowed to remain, these particles pro 
vide a potential nucleus for local attack 
if the part should later be subjected to 
corrosive conditions. ‘This is particularly 
true when brass wires are used 

\ modification of the scratch brush fin 
ish is the satin finish, which imparts a 
surface, but 
than the 
color-buffed surfaces. ‘This soft effect re 
sults from tiny parallel lines scratched on 


soft, smooth, sheen to the 


which has less luster highly 


Polishing the side of a cast aluminum pan by holding it against 


a spinning felt wheel. 


Polishing is usually done in two opera- 


tions; the first is a coarse polishing operation, known as roughing, 
and the second is the finishing operation, known as oiling or greasing. 
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PrRopuct 


the metal surfaces. It is produced by t 


use of a fine wire brush wheel o1 
abrasives. 

Before applying the scratch brush fin 
to castings, the surface should be given 
“dust” blast; 


iS exceptionally 


if the surface of the cast 
rough, a medium sai 
blast may be necessary. With the excepti 
of wheel speed, the method of applicati 
is identical with the procedure for ot! 
forms of aluminum. 


+ 


When castings are to be satin-finish 
it is advisable 


buff them, 


greaseless 


first to polish and_ th 
using a felt wheel with 
polishing compound | 


coarseness or fineness of the finish 
depend upon the grade of polishing co 
pound 

Hand hammered finishes closely res« 
ble hand wrought, gr oxidized silver. ‘T 
are obtained by heating aluminum in 
smoky coal fire and performing the ha 
mering operation while the work is 
Part of t 
black layer is imbedded in the metal, aft 
raised areas of the work 


lightly 


ered with a fine layer of soot 


which the 


relieved by abrading them 


emery cloth or steel wool 


luting, the rolling of parallel lines int 


the surface of aluminum sheet, provi 
an attractive finish. It is inexpensive, | 
can only be applied at the mill. Flut 
effectively hides structure markings 
aluminum. 

Sand blasting is a rapid and inexp 


sive method of finishing aluminum 


gives a uniform matte finish, but 1 
rough surface thus produced collects « 
and dust. This disadvantage can be avoi 


by protecting the surface with a cl 
synthetic plastic coating, which per 
easy maintenance by washing 

A variety of color effects can b« 
tained different 


sand and steel shot give 


with abrasives. Sil 
a light gray c 
pulverized silicon a light blue cast, 
carborundum sand a dark gray \l 
abrasives arc not favored, inasmuch a 
imbedded particles on the aluminum 
face may cause discoloration upon o 
tion. ‘To secure uniform sand_ blast 


ishes, standard operating — condit 
should be established. 
Attractive 


aluminum articles by 


+ 


effects can be obtained 
a process know! 
“high lighting.” Its decorative pos 
This finish 


architectural 


ties are almost unlimited 
been widely used in 


and on _ refrigerator evaporator 
panels, and other hardwarc 

High lighting is produced bv a 
bination of surface treatments. ‘The 
“aust” 


raised, or embossed arcas buffed 


ground may be blasted an 


finished. The raised areas should b« 


-stop-oft an 


such as adhesive tape or suitable o 


tected by some tv pe of 
materials while the background 
blasted. A_ suitable 
in place of the 


stencil may _ be 
' 


“stop-off’” materia 
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Miscellaneous finishes for 
aluminum. Lower left and 
reading clockwise: Mold- 
ing finished with Alumilite; 
fluted extrusion finished 
with Alumilite; plaque 
with a chemical burnish 
similar in appearance to 
sand blasted finish; Alzak 
reflector finish; hammered 
ashtray; chrome plated re- 
frigerator door handle. 
Name plate finished in a 
two-tone Alumilite. 


blasted background can then be 
hed by a caustic-nitric acid treatment 


the highlights brought out by buffing. 
Usually an Alumilite finish is applied as a 
imal operation to protect the entire sut 
fa Where the ‘“‘dust’” or sand-blasted 
luminum surface is to be Alumilite proc 
| it should be “bleached” after sand 
ting to uniformity. 
'hrough the proper use of suitable alka 


insure color 


or acid “‘bleaching”’ agents, compara 
white surfaces can be obtained on 
unum and certain of its alloys 
Vhere the price of an article prohibits 
| labor, an imexpensive and satisfactory 
h can be applied by ball burnishing, 
is, tumbling the work, together with 
shot, in a wood-lined barrel, using 
ind water as the lubricant. Such 
ment imparts a bright, fairly smooth 
e by the action of steel shot rubbing 


ist the aluminum parts 


other inexpensive mechanical finish 
method is barrel tumbling, which 
ticularly useful in’ brightening and 


ng small parts. 

id burnishing of large flat areas is 

times employed to produce a rela 
inexpensive “‘satin” finish on flat 
urfaces. In sand burnishing, the 


ium sheet is fastened to the floor 


I UCT ENGINEERING 





NOvEMBER, 


of a box containing sand suspended in 
water. ‘The box is then given a rotating 
or reciprocating motion that causes the 


sand to abrade the aluminum sheet 


Chemical 


Treatment Finishes for 


Aluminum 


Many finishes can be applied to alu 


minum by chemical treatment Ihe 
frosted, engraved, and etched finish are 
common practice. Like mechanical fin 
ishes, most chemical finishes add nothing 
to the aluminum surface to improve re 
sistance to corrosion or abrasion. Import 
tant exceptions to this, however, are the 
Alrok processes hese produce protec 
tive and adherent oxide coatings on the 
surface of the metal. Chemical treatments 
are frequently used for surface preparations 
that are followed by clectrochemical o1 
organic coatings 

Chemical treatments applicable to alu 
minum surfaces include cleaning, etching 
ind finishes applied by the various Alrok 
processes 

Aluminum is often considered to bi 
dificult metal to clean Actually, th 
proper cleaning of aluminum and its a 
loys, prior to final finishing, 1s neither 


dificult nor expensive Cleaning is of 
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great importance, and should be under 
taken with the same care and forethought 
is is given to the design, alloy selection 
ind final finishing operation 

If aluminum is to be left in the natural 
metal finish, any discoloration caused by 
oils or grease in the ourse of fabricating 
operations can be removed washing 
with an organic solvent 

If a soft or frosted finish is desired on 
the surface, aluminum can be cleaned in 
ilkaline solutions that, in addition to 1 
moving surface dirt, develop an etched 
effect upon the aluminum surface. Etch 
ng Cleaners now available produce effect 
similiar to causti Phe etching cleaner 
or the iustic treatment should be fol 
lowed by a water rinse and then a quich 
dip in concentrated nitt cid This 1 
moves the dark, loosely adhering film left 
by the alkaline etching treatment 

\ weak solution of hydrofluoric acid 
often used to pro luce a light cleaning etch 


on aluminum he cost and the health 


hazard involved have limited its commer 


il use Hydrofluoric acid icaning etcl 


most useful with aluminum allovs ce 
taining silicon ind 3 frequently e1 
ploved after a pr liminary alkaline I 
ng. Mixtures of hvdrofluori cid 
hit I 1 are ilse l, espe il] 





silicon bearing aluminum alloys. A sul 
phuric acid-chromic acid pi kle is valuable 
in Cleaning the surfaces, particularly in 
removing the oxide coating on heat-treated 
uminum allovs and ‘“‘burnt-in” oil 

The chemical 
ishes, Alrok, Alumilite, and 


ire patented Alcoa 


ind electro chemical fin 
Alzak, which 


rarely 


processes, ATC 
uticd out without preliminary cleaning 
opel itions of some kind 

Before clectroplating alummum and_ its 
lows, the must b« 
treatment after thr 
If the 


leaned, this treatment may 


surtace given a spec ial 


cleaning operation 


surface has not been properly 
Cause surface 
unevenness and poor plate adhesion. 
Proper surface treatment technique is also 
essential in obtaining adherence of paint, 
enamel, or lacquer coating 
One of the 


ve chemical treatments is the caustic dip 


most Common and inexpen 


It is produced bv dipping the article in a 
hot solution of sodium hydroxide for a 


hort pe riod of time. atte which the 


irticle 
cold water 


etch 


thoroughly rinsed in clean, 


Rinsing must quickly follow caustic 


ing, in order to avoid surface stamimg 
ised bv drving of the etching solution 
on the surface of the work. A short im 


mersion in concentrated nitric acid, at 


t neutralizes anv remain 


om emperature, 
ng alkah and 


{ 1 
l 11 


embles 


whitens” the etched sur 
frosted finish thus produced 
finely etched glass 
lor silicon bearing aluminum alloys, 
idded to the 


proportion 


hvdrofluoric acid is nitric 


] 


iid “bleaching” agent in the 


of one part ot hvdrofluoric acid to from 


six to cight parts of mitt cid. ‘The ratio 
of thi cid in be varied for other 
illovs, or as the experience of the opera 


tor dictates. This a 
lowed by 
which the 

Another 


WuauM 1S 


id dip should be fol 
1 clean, cold water rinse, after 
work should be dried 


chemical treatment for alu 


lipping in a hot solution of 


sodium hydroxide and sodium fluoride 


his gives a brighter and more uniform 


etch than is possible with the caustic dip 
\ final dip in 


concentrated nitric acid 1s 


necessary, followed by water rinsing and 
drving 

There are other chemical solutions used 
+ 


0 obtain various effects on the surfaces 
One of the 


is a trisodium phosphate-sodium carbonate 


of aluminum most common 


mixture. ‘These two salts can be used to 
gether or separately. ‘Together they exert 

mild cleaning action, and give a lhght 
tch. Unlike the caustic soda etch, the 


irbonate phosphate etch is less rapid and 


} 


iC Time OF TTC is not so critic 1] 


ittack of highlv alkaline 


tinents 


lo control the 


leaners, an inhibiting agent in the form 
fa ite is generally added. Because th 
nhibiting sincates are not easily washed 
from aluminum surfaces, it is advisable 
to follow th nhibited alkaline le ining 
operation with a niti icid wash. Suit 
ible wetting agents will facilitate cleaning 


Drawer pulls finished by the Alumilite process. The Alumilite coating 
is formed by electro-mechanical oxidation of the aluminum surface. It 
is not deposited from solution as in electroplated metal coatings. 


ction and 


levelop a uniformity of etch 


his is particularly important if the sur 


wee is to receive subsequent chemical 
or electro-chemical treatment. In general 
ilkaline chemical treatments of aluminum 


surfaces are confined to hvdroxides, car 


bonates, and phosphates 
Although alkaline 


le manv desirable finishes, ac 


solution treatment 


id chem 


provi 
I 


ical treatments arc 


more satisfactory. ‘This 
is particularly true when removing heat 
oxide, and welding or brazin 
fluxes. A nitric acid 


icid-hydrofluori 


treatment g 
solution, or a nitri 
icid solution is frequenth 


ised to remove welding flux, to clean part 


ifter brazing, and to strip phenolic and 
lack japan coatings 
\ nitric acid-hvdrofluoric acid mixture 


il etching of silicon 


Hyvdrofluori 


cid is necessarv because the silicon pat 


used for the chemi 
bearing aluminum © allovs 


ticles in the aluminum-silicon allovs are 
ot idilv attacked by the usual alkalin 
th iid solution 
\ tion of nit icid and h Ano 


Pr 
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cid produces a fine, 


dittuse 
illoys. A bn 


duminum is obta 


smooth 


sh on alumimum-silicon 


ening efte upon 


vith a mixture of nitric acid and hn 


fluoric acid in dilute concentrations 


} 


levated temperatures 
One of the 


+ 


treatments for 


used 


most commonlh 
il iuminum is a 
f chromic acid and sulphu 
his mixture removes heat-treatment 

un acid pickle prior te 
troplating by the zinc immersion pt 


It can also be used prior to the 


Alrok 


is helpful in preventing 


xidation treatment and _ the 


ses, and 


} 


gularities caused by oxide inc 


mbedded buffing particles. Advat 
this acid treatment are: It d 
remove as much metal as_ the 
oda treatment; it leaves the surfa 


relatively clean, uniform, and_attt 


ippearance of brightness 


An acid 


oatings 


sem! 
mixture for removing 
without an 
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md) phosphoric acids. Ovxide-coated sur 


faces can be stripped so ri 
sible without another buffing operation 


coating 1S pos 


Designs, lettering, and graduations can 
be etched in aluminum surfaces by chemi 
cal solutions. The etched designs ar 
then ‘“‘filled’” with a suitable pigmented 
lacquer or enamel, or left in the natura 
etched finish. Etched surfaces can also 
electroplated or anodically treated an 
colored 

In practice, the surface first is cleaned 
to assure proper adhesion of the “‘stop-off 
ind uniform attack of the etching agent 


Phe “‘stop-off” is then applied to those 
portions of the surface that are not to be 
etched, generally from a master plate, or 
roll, which carries the resist. The resist is 
“fired,” or “‘baked-in” to improve its pro 
tective value and allow the prepared article 
to be handled more easily 

In applying the “stop-off” material, th 
design 1s printed upon the metal surfa 
with etching ink. While the ink is. still 
tacky, the printed surface is dusted with 
finely divided asphaltum powder, or a 
finely divided mixture of asphaltum, bees 
wax and rosin. The loose, non-adhering 


] 


powder is removed from the uninked 
reas by a low pressure air blast, or by 
dusting with talcum powder. The asphal 
tum powder is then fused bv heating to 
ipproximately 400 deg. Fahrenheit 


Numerou hemical etching solutions 


in be used. fivdrochloric acid and wate 
is effective, but unless the surface is un 
formly clean a streaked appearance may 1¢ 
sult. Such streaking can be prevented by 
1 thorough pre-cleaning of the article in a 
\nother, 


ind somewhat smoother, etch can be ob 


nitric-hvdrofluoric acid solution 


tained bv saturating the hvdrochloric acid 
solution with sodium chloride. This re 
action can be accelerated by adding small 
imounts of cobalt or nickel chloride. ‘To 
obtain a coating of metallic tin upon the 
iluminum surface, the work may be dipped 
na stannous chloride solution before etch 
ing and then rinsed with water 

When an aluminum surface is to be 
deeplv etched the article must be periodi 
cally removed from the etching bath, and 
the sides of the engraving blocked up with 
1 suitable resist in order to prevent un 
dercutting. To prevent localized heating, 
which will accelerate surface attack result 
ing in non-uniformity of etch, it may be 
idvisable to agitate the etching solution 
or move the work. The Alrok processes, 
though chemical in nature, differ from 
the treatments previously mentioned in 
that they produce an oxide coating of 
some protective value. Certain Alrok coat 
ings can also be dyed. 

\lrok précesses have a number of ad- 
vantages. They are cheap to apply and 
can be applied to articles that cannot, be- 
use of their shape and construction, be 


given au anodic coating Chev obviate 


the racking problem, sinc¢ the operation 
in be carried out in bulk. One of the 
\lrok processes 1s particularly advantage 
ous, for example, in coating such articles 
is gasoline tanks. It dificult to treat 
products of this tvpe by the Alumilite 
process \lrok No. 14 finish provides ef 
fective protection for tanks constructed of 
3S. 52S, Alclad 24S or Alclad 72S. Cast 
ings, such as liquid-cooled cylinder heads, 
exhaust manifolds, and oil coolers, can be 
satisfactorily protected bi \lrok coatings 


lrok coatings are adherent and protective, 


+ 


ind as a surtace preparation veftore painting 


ire found satisfactory for a great man 
ipplications 

Unpainted A17ST rivets 
proper \lrok process will pass the salt spray 
test of the 
Federal specification for anodic coatings 
Similarly treated 24ST rivets also meet 


this Federal Specification. If the rivet 


treated by the 


250 hours required by th 


ire subjected to more than one _ heat 
treatment, the coating should be stripped 


ind the part reprocessed. The Alrok treat 


ments produce oxide coatings ranging from 
1 relativelv light to dark gray color, d 
pending upon the alloy processed and th 
Alrok treatment emploved The sealing 
treatment. used to increase the coating 


resistance to corrosion, will change th 
sht shades of grav to olive drab 


Ihe Alrok processes al idaptabl to 





Inserts, screws, and nuts finished by barrel-tumbling, an inexpensive 
mechanical finishing method for brightening and cleaning small parts. 
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stilltank, semiautomatic, or full-automati 


operation hey are practical for bulk 


work, since no electric current is necessary 
for the 


1 ONICHE lth Produces \ we Ode! 
I le film produced by the old 


formation of the oxide coatings 


\lrok processes is dark, hence when dved, 
\ proc 


ess now available produces comparativel 


the color takes on a darker tone 


clear oxide coatings on certain alloys that 


when dyed, reproduce the true shade o 


+ 


the dve, with some metallic cast. 
Phere are other useful applications for 


the \lrok 


flectivity 


finishes. Decreasing the 4 
iid increasing the emissivity of 


Miull-finished 


reflectivity 


umimnum is an example 
total 
70; by the appli 


Alrok finish this 


ipproximateh 15 to 1S Lhe 


iluminum sheet has a 


for white light of about 
ition of an reduced to 


decrease in 


reflectivity produced by a given Alrok treat 
ment is influenced by the alloving constitu 
cnts in the metal being treated, as they 
have an important effect on the color of 


the coating 


Electrolytic Finishes for Aluminum 


\luminum articles can be finished simi 


ww to other metals by electroplating with 


1, chromium, brass, zinc, copper, gold, 


m resistance of aluminum is not 


by electroplating. Zinc, copper 


Painted and enameled name plates and collapsible tubes. No special painting practice is 
necessary for applying these decorative coatings, but service conditions must be considered. 


and nickel are cathodic to aluminum, hence 


plated coatings of these metals on alu 


minum must be impervious to moisture 


to provide electrolytic protection when 


subjected to corrosive services 


In addition to adding decorative finishes 


with good merchandising appeal and resis 


+ 


tance to wear and “‘smudging 


hs? 


some plated 
Silver 


it joints 


coatings have special properties 


plating reduces electrical resistance 


ind contacts; it also increases  surfacc 


conductivity Copper plating permits join 
ing parts with soft solder. Brass plating 
facilitates direc 


of iron and 


t rubber bonding. Deposits 


chromium HN prove SuTTacc 


wear; direct chromium plate gives protec 


} 


tion in the presence of mild alkalies 
Oxidized plates of brass, silver, and copper 


should be 


ch iT lacquer 


protected with a coating of 


Methods of surface preparation for the 
electroplating of aluminum are 1) The 
zinc immersion process, the phos 


phoric acid anodic process, and (3) the 


\lrok process. The zinc 


| MMe rsion 


proc 


ess is the most practical, as it is adaptable 


to automat ind still-tank plating, and 
m be used for bulk or barrel plating 
treating the aluminum articles in a 
odium zincate bath, after cleaning in 
ilka Wn cid pickling solutions, an 
minersion deposit of pure zinc is formed 
n the aluminum surface he electro 
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plates are deposited on this zinc surfacc 
Satisfactory plates can be obtained if at 


+ + 
Cntuion 


s given to the preparation of thi 
base metal prior to its th 


bath 


can be applied directh 


mmersion in 
odium zincate 
( oppel plates 
to the zinc immersion-treated aluminum 
surface by Rochelle type ot 


using the 
plating solution 


Nickel 
ipplied over a preliminary Rochelle coppe! 


sti ke 


plates can be 


hey can also be deposited from 
| 


1 bath designed for plating over zinc. Bra 

can be applied directly from the standard 
plating solution, operating at room tem 
perature lor magnesium-bearing — alu 


used prio 


to subsequent nickel or copper plating 
Silver 1s 


minum alloys, a brass strike is 


ipplied to the zincate proc 
ssed surface by following the silver plat 


his ( il 


+}, 


ing procedure used for steel 


I 
for two preliminary silver strikes, o1 
leposition ot silver 


ypper strike, 


Dull chromium deposits, requiring buffing 


over a_ prelimina 


or a copper-nickel preplat 


or hard chromium plates for wear-resistins 


purposes, can be applied directly to th 


nunc immersion laver, or over base cd¢ 


’ 
posits of coppc! Bright, decorative chr 


mium plates are 


with a bas« 


best deposited over nick 


deposit of copper Zin plat 
uwuMunuMm performs two services; cimiuna 


in threaded sections, 
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Many combinations of electroplates are 
possible on aluminum. A copper ot brass 
undercoating is generally used as a foun 
dation upon which subsequent plates are 
deposited. On all aluminum alloys so far 
tested, the adhesive strength of the bond 
between the plate and the base approaches 
the tensile strength of the base metal. ‘This 
s an important consideration. 

Phe phosphoric acid anodic treatment 
produces an aluminum oxide coating that 
makes possible direct clectro-deposition ot 
metallic coatings. Anodic treatment in a 
phosphoric acid electrolyte under con 
trolled conditions of composition, tempera 
ture, current densitv, and time produces a 
satisfactory Coating for plating. 

Iwo characteristics of the phosphori 
cid anodic coating explain its perform 
inces ] Phe anodic coatings are ex 
tremely adherent, and (2) the anod 
coatings are adequately porous, permitting 
the plating solution to penetrate the oxid¢ 
oating. In the plating operation the 
metal is first deposited in the anodic coat 
ing in a dark, or black form. As the plat 
ing progresses, the dark coat is replaced 
by the natural color of the metal being 
deposited. 

Deposits of nickel, copper, cadmium, 
silver, and iron have been applied directh 
to the oxide coating. In plating from 
highly alkaline solutions, there is the possi 
bility of attack upon the oxide coating be 
fore it is covered by the clectro-deposited 
metal. 

If aluminum is to be silver plated fot 
casons of reduced electrical resistance at 
ontact pomts and joints, the zinc immer 
on process should be used ‘| his process 
locs not produce an electrical insulating 
film of aluminum oxide between the de 
posited silver and the base aluminum. 
lhe phosphoric acid anodic film increases 
lectrical resistance between plate and bas¢ 
netal 

The phosphoric acid anodic process is 
ensitive to small variations in the chemi 
il composition of aluminum alloys. ‘Thess 
nations do not affect the normal func 
tioning of the zinc immersion process. The 
hosphoric acid anodic pre treatment proc 

does not possess the practical advan 
ges of the zinc immersion treatment. 

\nother important finish for aluminum 

the Alzak reflector finish. Aluminum is 
itrinsically a good reflector of light, ordi 
iy mill-finished sheet having a reflectivity 


Satin finishing the bottom of an 
aluminum cooking utensil. A mod- 
ification of scratch-brushing, this 
finish is obtained by using a fine 
wire-brush wheel or by abrasives. 
The tiny parallel lines scratched on 
the metal produce a soft, smooth 
sheen which has lower reflectivity 
than a highly polished surface. 


of approximately 70 percent. When spc 


cial aluminum sheet is treated | the 


\Izak_ reflector process, the refl 
rises to 50 or YU percent 

Phe Alzak-processed aluminum refi 
tor has a permanence and reflectiy 
obtainable by the older methods of 
ducing aluminum reflectors. Speculat 
faces, used for controlled beam ligh 
are developed through mechanical 


Dittusing surfaces, for flood 


facing. 


ing, are produced by chemical etching 


Phe Alzak reflector will retain its high « 
ciency if periodically cleaned with 
soap and wate! 

In the manufacture of the Alzak 
lector, the specular surface is produced 
\lcoa No. 2 reflector sheet, an Alcla 
material. ‘The diffuse reflection surface 
developed on Alcoa No. 1 reflector she 
a standard material of controlled comp 
sition that facilitates uniform etchin 

Phe preliminary steps in the produ 
of Alzak reflectors depend upon thi 


ture of the finish desired 


lo produ 


diffuse finish, No. 1 reflector sheet, after 


cleaning, is etched in a chemical bat) 


Phe specular reflector, made from No 
reflector sheet, is first polished and buff 
After bufhng, the reflector is cleanc 


Vapor degreasing, followed by an inhil 


alkaline cleaner, 1s one satisfactory method 


Phe diffuse and specular reflectors, aft 
these preliminary treatments, are read\ 
the Alzak reflector treatment. The fi 


step is the electrolytic brightenin 


tO 


, 4 ‘ 
ess, an anodic treatment in a selected elec 


trolvte 
out the natural 
minum. 

This electrolvtically brightened surfa 
does not resist markin 


ind is casily smudged. For protection 
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(his cleans the surface and bring 


reflectivity of the alu 
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osive influe ind face abrasion 
Wn ipplied. These oxi oatings a 
ninutely p ind adsorptive, and can 
b olored with organic dyes and inor 
gan ilt The Alumilite oating 


formed by electro-chemical oxidation of 
th uminum surface, and is not de 
posited from solution as in electroplated 
ngs. It is a part of the alumi 
num and will not chip or peel from the 
underlying metal 

\lumilite-pro 
is dependent upon the sur 


The appearance of the 
essed surface 
face condition of the basic metal. Pre 
treatment of the metal’s surface is usually 
necessary. ‘The preparatory steps consist of 
polishing, buffing, or coloring to remove 
surface scratches, die and tool marks and 
burrs. Metal wire scratch brushing can 
ilso be employed, as well as_ selected 
hemical treatments, for the development 


+ 


of frosted — finishe Following  pretrea 


ment, the aluminum surface is cleaned to 


remove drawing oils, buffing compounds 
or handling soil. The cleaning is followed 
by a Id water rinse. By proper control 
of temperature, current density, and chem 

il composition of the bath, the structure 
of the oxide coating can be altered to meet 
varving conditions of service The type ot 
oxide coating obtaimable ranges from an 
extremely hard and_= corrosion — resisting 
film to a more adsorptive film, which is 
readily colored. Following the electrolvti 


treatment, the work 1s rinsed in water, and 


Oil separators being given a black Alumilite treatment. 


th idy for coloring and sealing 
Phe Alumilite process is applic ible t 
ill aluminum alloys, but the structure and 
lor of the film will vary with the alloy 


nstituents. The natural color of thc 


\lumilite coating, when formed on rela 
ively pure aluminum sheet, or on alumi 
llovs relatively free from silicon, is a 
pearly, opaque white. The presence of 
ilicon produces a color film ranging from 
tray to brown. ‘The corrosion resisting 
properties of the darker film are un 
iffected, but the dark film is not adaptable 
to dye coloring unless the color is deep 
ue, brown, or black. The dark-colored 
oxide coating can be used to produce two 
oned artistic effects with a gunmetal 
vackground and high lights 


he Alumilite oxide coating has high 


electrical insulating characteristics. An 
oxide coating 0.0005 in. thick, can have 
1 voltage breakdown of 500 or 600. Be 
LUIS f alloying constituents on the 
metal’s surface, or imbedded foreign pat 


es, the maximum breakdown voltage is 


normally about 200 to 300. An advantage 


of the Alumilite oxide coating is its ther- 

mal stability. It will not char, or give off 

gas when overheated 

Dyed Alumilite coatings present un 
} 


usual possibilities im color combinations 


\pplications for colored Alumilite coat 


ings produced by organic dyes are limited 
because of the fading tendencies of the 
Ives. Although satisfactory for most in 


In this process, 


the product is given an anodic treatment in a_ selected electrolyte 
to obtain a dense, adherent coating of aluminum oxide on the sur- 
face. This coating is filled with myriad pores that allow the coloring of 
the coating throughout its depth with dyes or universal pigments. 
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terior applications, the action of sunlight 
on the dves limits their use outdoors. The 
mineral-pigment type of colored coating 
has greater resistance to fading, but th 
range of colors is limited to black, brown 
mahogany, olive drab, green, and blue. As a 
general rule, color decoration for exterio1 
purposes is best accomplished by the us 
of paints and enamels 

Ihe Alumilite coating is serviceable a 
1 base for paints and lacquers Organi 
coatings applied to an Alumilite-processe: 
surface give greater adhesion and _ prot 
tion than when applied directly to 
grease-free aluminum surface 

\lumilite-processed aluminum = can 
formed if the operation is not severc 
‘Crazing” develops when the oxide coat 
ng is deformed. The effect of this craz 
ing on the metal’s resistance to corrosio 
in be reduced by suitable sealing pro 
dures. Porous oxide coatings appear to 
flexible because the cracks that form ¢ 
severe bending are not readily apparent 
\ll necessary mechanical work should | 
performed on aluminum prior to the app 
ition of the Alumilite coating 


Organic Finishes For Aluminum 


Organic finishes are often desirable on 
iluminum and its alloys. Economy, ease of 
ipplication, and the preservation of th 
metal are advantages for finishes of th 


tvpe. Numerous methods can be used to 


prepare an aluminum surface to receive 
paint or enamel coating. The selection of 
the method used is governed by the servi 
intended for the finished article. The sur 
face of the aluminum work must be clea 
ind free from dirt, grease, and oils, 
satisfactory adhesion of any organic coat 
ing is to be obtained 

Surface roughening bv sand_ blasting 
scratch brushing, or caustic etching ha 
been used to prepare the aluminum sur 
face for a paint or lacquer coating. ‘This 
not recommended, as surface roughenin 
impairs the natural oxide protective fil 
present on the aluminum 

Ihe selection of the paint system to 
used on an aluminum surface is important 
It is not necessary to utilize any spe 
painting practice for applying decoratiy 


finishes. The value of any protective pain 
] 


ing system depends upon the choice of 
primer. The primer should have 


+ 


resistance to moisture penetration; shoul 


idhere well to the aluminum surfa 
should provide a good base for the secor 
vat; and should contam an inhibit 
pigment for the prevention of surfa 
wtion. Zinc chromate possesses cort 
inhibiting properties, and is recommend 
in priming paints for aluminum surfa 
Lead-pigmented primers should not 
used on aluminum 

\icthods of applying orga oati 
to aluminum surfaces differ in no 


from customary commercial practice 
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DEPRESSION IN °47? 


.-- controls can bring one 





ness man,who values freedom, to protest against 

government regulation. On this account, many 
people who do not know the facts in detail are in- 
clined to discount current business protests against 
the post-war application of wartime economic con- 
trols. This is particularly true since in his report for 
the third quarter of this year, the Director of War 
Mobilization and Reconversion implied that busi- 
ness is in fine health by remarking that “business 
profits, after taxes, are at the highest point in 
history.” 

In complaining about government controls, how- 
ever, the American business man is not crying wolf. 
These controls were an essential war weapon. Now, 
however, they are contributing decidedly to a twist- 
ing and distorting of the American economy in a 
degree which, if not soon corrected, may well start 
production and employment down the toboggan. 

One general indication of how badly twisted our 
economic system has become is found in the wide 
disparities in the amounts by which different groups 
of prices have increased. Since 1941, for example, 
farm prices have advanced an average of about 
125%. Industrial prices, more tightly controlled than 
any other group except rents, have increased only 
about 32%. Meanwhile, straight time hourly earnings 
of industrial workers have gone up about 60% and 
the cost of living about 43%. 

The advances of individual prices within these 
groups have also varied enormously. Among indus- 
trial prices, that of finished steel has gone up only 
about 14% since 1941, while lumber has gone up over 
00%. Hourly wage rates in the women’s garment 
industry have gone up 116%, while those in the 
brewing industry have gone up only 33%. That share 
of the cost of living due to rent has gone up only 
4%, while that due to the cost of clothing has gone 
up over 60%. 


Well, What Of It? 


At least four things of major importance: 


[’ IS CONVENTIONAL for the American busi- 


1. Production, under the influence of price 
control, has been heavily concentrated in some 





lines to the neglect of others. Result—unbalanced 
production, unbalanced inventories, and a seri- 
ous cut in the flow of goods to’ consumers. 


2. More or less uniform post V-J Day wage 
increases, promoted by the federal government, 
have imposed a far more serious cost problem on 
some industries than on others. This is particu- 
larly true of some of the most basic industries. 


3. While, as a whole, “business profits, after 
taxes, are at the highest point in history” (due 
in part to a temporary excess profit tax rebate 
arrangement) there are enormous disparities in 
the profits of different industries. Some key in- 
dustries are making little or no profits. 


4, If not corrected, the distortion of prices, 
wages and production, which has resulted in 
such a wide disparity of profits, can contribute 
decisively to a major business upset. 


The most striking example of the distortion of pro- 
duction by controls was, of course, that provided by 
a metropolitan meat famine at a time when beef 
cattle crowded the ranges. This has now been recog- 
nized. But there are many other distortions. Abun- 
dance of sports clothes, acute shortage of more ess¢n- 
tial clothing made from the same kind of cloth. 
Successive shortages of critically important products 
like baling wire and nails as the price lid on steel 
is jiggled first this direction and then that. 

Some of these distortions of production are due to 
material shortages. But a major contributor is un- 
even application of controls, and the total removal of 
some while others are held firm. Among the results 
are bulging inventories of partially completed assem- 
blies and shut-downs while waiting for parts. 


Wage Complications 


While price controls, unevenly applied, have 
shunted production first this way and then that, the 
federal government has further complicated the situ- 
ation by promoting uniform wage rate increases 
without regard to varying capacities to pay them. 
The greatest single contribution to this distortion 
was made by the President himself. In the course of 











unsuccessfully trying to mediate the dispute over 
steel wages last January he recommended a wage 
rate increase of 1814 cents an hour. Immediately that 
increase was accepted by organized labor as par for 
the first round of wage adjustments, having the sanc- 
tion of the White House itself. The game then be- 
came to beat par. 

But the capacity of different industries to pay 
wage increases varied greatly. During the war some 
had hiked their pay much more than others. More- 
over, in some industries wages are a much larger 
element of total cost than in others. In 1939 (last 
year for which figures are available) wages ranged 
all the way from 24%2% of total sales in cigarette 
manufacturing to 34.3% in hosiery manufacturing 
and 65.2% (for wages and salaries combined) in soft 
coal mining. 

Under these circumstances, some industries were 
far less able to meet a uniform wage increase than 
others. Nonetheless, many of them had uniform wage 
increases imposed upon them. Then the price lid was 
held firm. This, coupled with material shortages and 
production difficulties which also choked output, 
squeezed the profit right out of those industries. 


A Study In Contrasts 


Some of the most important industries are making 
little or no profits while they bump along on a pro- 
duction volume which fails to meet consumer needs 
and prevents attainment of maximum efficiency. The 
automobile industry affords one conspicuous exam- 
ple. Another is electrical manufacturing, and rail 
equipment is yet a third. All of them are crucially 
important. Many other lines of business, of course, 
are extremely profitable. For example, the profits of 
a group of large retail stores were 150% higher dur- 
ing the first half of this year than they were a year 
ago; the profits of a group of motion picture com- 
panies were up 140%. 

In the mcantime, the workers in some of those 
low-profit industries are in no bed of roses. The in- 
crease in the cost of living since 1941 is now outstrip- 
ping the increase in the hourly wage rate of workers 
in a number of industries, where wage rates have not 
risen as much as the average. On a weekly basis, a 
shorter work week, with less overtime, has combined 
with the recent upsurge in consumer prices, to place 
the living standards of some of these workers below 
the wartime level. 

Such circumstances obviously create pressure in 
the ranks of these workers for another round of 
wage increases. But as long as the profit remains 
squeezed out of their industries wage increases, if 


any, must be translated either into higher prices, or, 
if the government sits tight on the price lid, into 
losses which will discourage production and ulti. 
mately cost workers their jobs. 


What To Do? 


Salvation both for the workers and for employers 
in the relatively profitless section, a peculiarly im- 
portant group of industries, must be looked for 
primarily by increasing productivity, thereby de- 
creasing the cost per unit. Part of this higher pro- 
ductivity can come only from individual efforts 
of the workers themselves. Another part can come 
from an elimination of bottlenecks in materials and 
parts which prevent the labor force from working 
most efficiently. Only by greater output per man- 
hour can workers and management solve their 
common problem. 

Until productivity has been thus increased, it is 
hard to think how the federal government could do 
a greater disservice both to labor and to industry 
than to repeat its performance of promoting a uni- 
form national wage increase. With the present dis- 
tortion of the national economy, some industries 
might again take such an advance in their stride. 
With many others it would raise even greater havoc. 

While avoiding like the plague promotion of an- 
other uniform wage adjustment, the federal govern- 
ment must make it a primary objective to relieve 
distortions caused by the uneven application of other 
controls, primarily price control. Nature has given a 
lift to the elimination of distortions by providing 
bumper grain crops which should in time reduce that 
staggering disparity between a 125% increase in 
farm prices and a 32% increase in industrial prices. 
But that process must be speeded as a matter of 
conscious policy. No element of such a policy is more 
important than expediting the decontrol of industrial 
prices. Suck a course is clearly essential to achieve 
that balance in the production of materials and parts 
required for maximum output. 

Business and labor both want a sustained prosper- 
ity in which all will share. Sustained prosperity can 
be achieved only if we eliminate the distortions in 
wages, prices and profits which now restrain so much 
vital production. 


aie 4M Sra 


President McGraw-Hill Publishing Company, Inc. 
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Copper Oxide 


Silicon Carbide 


VARISTORS 


Operating characteristics of varistors are explained and some functional appli- 


E. J. IVERSEN 


Western Electric Company 


cations discussed. Asymmetrical conduction of the copper oxide film is used 


for such applications as rectification, selective relay operation, and carrier 


modulation. Non-linear resistance characteristic of silicon carbide is especially 


useful for limiting high voltages across signal lamps and electrical contacts. 


BECAUSE special circuit characteristics 
ire easily obtained, designers are finding 
increasing use for a class of electrical ele- 
ments having inherent characteristics that 
do not follow Ohm’s law. The broad term 
ipplied to such circuit elements is “varis- 
tor,” a contraction of the words “variable 
resistor’ to denote that their resistance is 
variable with respect to one or more para 
meters. These varistors are all made of 
semi-conductors, that is, the conductivity 
of the material lies between that of con 
ductors and insulators. 

The three types of varistors generally 
used by designers include: (1) Thermistors, 
in which the resistance of the element 
varies with its temperature; (2) dry recti 
fers composed of elements having a sym 
metrical conduction such as the copper 
oxide rectifier; and (3) the silicon carbide 
varistors, with a resistance characteristic 
that is non-linear with voltage but is the 
same for either direction of conduction. 
Since the characteristics of thermistors were 
explained previously (PRopuct ENGINEER- 
Inc, Feb. 1945, p. 93) this article will dis- 
cuss only the characteristics and_ typical 

tional uses of the copper oxide tvpe 
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Fig. !|—Characteristic curves for a 
typical copper oxide varistor disk. 
(A) Current-voltage relationships, (B) 
Voltage-resistance characteristic. 
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and the silicon carbide type of varistor. 
The copper oxide varistor is generally 
made in the form of a washer or disk of 
sheet copper that has been oxidized and 
processed to form a layer of cuprous oxide 
on one side. After the application of a 
suitable contact, these 
are assembled in various series or parallel 


washers or disks 


arrangements to meet required circuit con 
ditions. 

For a typical single element, Fig. 1(A) 
shows the voltage versus current relation 
ship in the conducting (copper negative 
direction and, also the relationship for the 
non-conducting (copper positive) direc 
tion. ‘The dotted line between the curves 
represents Ohm’s law. In Fig. 1(B)_ the 
same curves are translated into resistance 
versus voltage. It can be seen from thes¢ 
curves that there is a large change in im 
pedance as the polarity of the voltage 
changes. For example, for 1 volt positive 
the impedance ‘is approximately 0.3 ohms 
per sq. in. but for 1 volt negative it is 
about 1,800 ohms per sq. in. Because of 
this large 6,000 ratio in impedance depend 
ing upon polarity of the applied voltage, 
a copper oxide element in series with an 
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alternating current functions as a half-wave 
rectifier. 

A simple half-wave rectifier circuit is 
shown in Fig. 2(A). Two disks, connected 
as shown in Fig. 2(B) provide full-wave 
rectification. The bridge circuit rectifier, 
Fig. 2(C), is the type generally used for 
obtaining full-wave rectification because of 
the lower peak inverse voltage per disk. 
This rectification characteristic is the most 
widely known and most generally used 
characteristic of the copper oxide varistor. 
Applications range from very small units 
for converting d.c. meters into a.c. instru- 
ments, through the intermediate field of 
rectifiers for relays and battery chargers, to 
power units that supply hundreds of 
amperes for electroplating service. 

Since the varistor has a characteristic 
non-linear with voltage, two different fre- 
quencies applied simultaneously will result 
in modulation products. This characteris- 
tic has been widely used in carrier tele- 
phone systems. By various means of con- 
nection, as shown in Fig. 3 it is possible 
to modulate the carrier voltage with voice 
voltages and transmit either the modulated 
carrier or side bands with the carrier sup- 
pressed. Also by virtue of non-directional 
properties, the same unit may be used as a 
demodulator. The small size, long life, and 
low maintenance as compared to vacuum 
tubes for doing the equivalent work have 
made these varistors widely used, particu 
larly in the telephone industry. 

Lesser known applications have to do 
with the characteristic of the conducting 
curve itself. As shown in Fig. 1, the cur- 
rent rises rapidly with a relatively small 
increase in voltage, and this characteristic 
makes possible the use of a copper oxide 
unit as a protection device. 

For example, a small varistor connected 
across a telephone receiver will offer high 
shunt impedance at the ordinary voice 
voltages. However, peak voltages that cause 
annoying clicks in the listener’s ear effect 
a great reduction in the shunt impedance 
and are dissipated in the varistor rather 
than the receiver. Since these noise im- 
pulses are usually of very short duration 
and the device acts instantaneously, audi- 
tory persistence bridges the gap in the 
listener’s ear. Two varistor elements, con- 
nected in reverse parallel as shown in Fig. 
4(A), provide protection that is independ 
ent of the polarity of the noise peak. 

Another application of this same princi 
ple is a volume limiter shown in Fig. 4(B). 
Here the varistor acts as a variable resist- 
ance shunt having the effect of compress- 
ing the input to a desired maximum value. 
The use of a similar unit as a variable re- 
sistance series element will restore the 
range at the receiving end. 

Since the voltage on the element de 
termines the operating point and the re 
sistance, copper oxide units are also used 
as variable impedance attenuators. The 
bias can be controlled manually, Fig 4(C), 
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Fig. 4—Some functional varistor circuits that are in general use. 


or by the input signal, which then pro- 
duces a form of automatic volume control. 
As shown in Fig. 4(D), these units can 
be used to polarize relays for selective oper- 
ation on d.c. circuits. For the connection 
shown, relay A will operate; when the line 
polarity is reversed, relay B will operate. 


Applying Disks 


In all of these applications, the designer 
must use his experience and knowledge of 
the safe operating voltage and current. 
Circuit requirements set the total current 
that will flow; so based on the total cur- 


rent and a safe current density, the size 
of disk or the number in parallel can be 
determined. A current density of 100 
milliamperes per sq. in. based on 1/2 cycle 
conduction is commonly used and is a fair 
compromise between the size of the recti 
fier and its long-term aging under heat 
dissipation. For steady d.c. operation a 
value equivalent in heating effect is used. 

Voltage requirements divided by safe 
voltage per disk gives the number of disks 
in series. Design values are generally chosen 
as 3 volts inverse per disk for d.c. oF 
6 volts peak for a.c. operation. Points X 
and Y on the curves in Fig. 1(A) repre: 
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sent typical values for rectifier operation. 

These design values must also be re- 
lated to operating temperatures, since these 
units have relatively large negative tempera- 
ture coefficients of resistance. A good 
representative value is about 1.5 percent 
per deg. F. in the forward direction, and 
about 3.5 percent per deg. F. in the re- 
verse direction, for the normal ambient 
temperature range. 

Copper oxide varistors age in use in such 
a way that the forward impedance increases 
and the reverse impedance decreases, thus 
decreasing rectification efficiency. It is 
difficult to state any definite aging factors 
since they vary with individual applica- 
tions. However, some idea of the magni- 
tude of change can be deduced from the 
fact that it is the practice to furnish taps 
on rectifier transformers to provide for 
about a 15 to 20 percent increase in volt- 
age to compensate for aging. The worst 
aging takes place early in life, the function 
being asymptotic on a time base, so con- 
siderable pre-aging before assembly is done 
to minimize the effect in service life. 


Silicon Carbide Varistor 


The second general type of varistor is 
the silicon carbide type, Fig. 5, that con- 
sists of small granules of silicon carbide 
embedded in a ceramic matrix. These 
varistors are also made in the form of disks 
and washers for convenient assembly and 
have metallic contacts on both sides for 
the connecting leads. 

A great variety of characteristics can be 
produced by process variations. One typical 
characteristic curve for such a varistor disk 
is shown in Fig. 6 for either direction of 
conduction. The rapid increase of current 
with respect to voltage is the significant 
relationship. Since this varistor has no 
rectification characteristic, it is used mainly 
in the field of protection where it is pri- 
marily a high voltage device as compared 
to the relatively low safe voltage of the 


copper oxide varistor. For a given current 
the voltage is roughly proportional to the 
thickness. The curves of Fig. 6 are for a 
disk 0.045 in. thick. A one inch thick 
piece will momentarily withstand thou- 
sands of volts. 

Silicon carbide varistor disks are usually 
chosen for circuit conditions in such a way 
that for continuous operation a value of 
2.5 watts per sq. in. is not exceeded. Of 
course, the resistance must be suitable for 
the given circuit. The temperature co 
efficient of resistance is negative; it de- 
creases in value from approximately 0.6 to 
zero percent per deg. F. between potentials 
of about a volt and 100 volts. 

Aging, characterized by an increase in 
resistance, takes place either under elevated 
operating temperatures or repeated voltage 
surges. A 10 percent change is generally 
about the maximum encountered in service 
life in normal applications. 

One outstanding use of the silicon car- 
bide varistor in industry is for the protec- 
tion of telephone switchboard lamps. 
When used on subscriber’s loops, the 
lamps, since they were used directly in the 
line without benefit of a relay, were sub- 
ject to burn out under any external con- 
ditions that might cause electrical surge 
disturbances on the line. 

A silicon carbide varistor bridged around 
a lamp has high enough impedance so as 
not to interfere with the functioning of 
the lamp, but under the surge voltages its 
importance decreases so as to become a vir 
tual short circuit, thereby protecting the 
line lamp. 

Another fairly general use is that of con- 
tact protection. A silicon carbide varistor 
shorted across an inductive winding will by 
pass the peaks caused by the collapse of 
field when the contact opens, thereby pre- 
venting or reducing the tendency to arc 
and burn the contacts. In this same type 
of application, they are useful in protect- 
ing field windings in motors, and in pro- 
tecting transformer end turns from damage 
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Fig. 6—Characteristic curves for a 
typical silicon carbide varistor disk. 


from high transient peak voltages. Less in- 
sulation can be used on a winding so 
protected. 

As with the copper oxide varistor, the 
silicon carbide type can be used as voltage 
limiters, compressors, expanders, and _ bias 
controlled attenuators. They are used 
where higher voltages are encountered 
than the copper oxide type will stand. 

In general, copper oxide varistors are 
relatively efficient rectifiers. They are also 
useful as circuit elements where large 
changes of current are needed with rela- 
tively small changes of voltage. This char- 
acteristic makes them extremely useful for 
protection and voltage limiter applications 
at low voltages. The silicon carbide varstor 
provides a similar protective and voltage 
limiting function for higher voltages. 





Fig. 5—Silicon carbide varistors. Crystalline mass in center is silicon carbide as received from electric furnace. 
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TYPICAL METHODS OF COUPLING 


Methods of coupling rotating shafts vary from simple bolted flange constructions i 
to complex spring and synthetic rubber mechanisms. Some types incorporating 
chain belts, splines, bands, and rollers are described and illustrated below. 
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ROTATING SHAFTS—I 
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Analysis of Pressure Losses 
In Lubricant and Fuel Pumps 


B. R. WALSH 


Research Engineer, Gulf Research & Development Company 


Procedure for determining internal losses in rotary positive displacement pumps. 


Arrange- 


ment of test equipment and a method are described for measuring the vapor handling capac- 
ity or air-liquid ratio of pumps by admitting a known constant volume of air into the inlet 
line. Methods are also included for determining lift and seating pressures of relief valves. 


IN ANY STUDY of problems dealing 
with ‘entrained air in lubrication or fuel 
systems, it is important for the engineer 
to know not only the losses occurring in 
the line to the pump but also tue losses 
that are inherent in the pump. 

The pressure loss in a spur gear pump, 
i vane pump, or any forin of rotary pump 
that takes in liquid at the periphery re- 
sults from: 


1. Centrifugal force of the liquid ring 
rotating within the pump. 

2. Entry losses into whatever spaces 
must be filled. 


The first loss can be readily calculated; 
the second is difficult to calculate; but 
fortunately the total value of the two 
losses can be readily measured. The cen- 
trifugal force is a function of liquid density, 
speed of rotation, and radii of the ring 
of liquid in the pump. If the pressure is 
measured at pump inlet, the other losses 
consist of turn losses in the suction cham- 
ber, turn losses around vanes or teeth, jet 
accelerations in spaces between teeth for 
filling tooth spaces, and skin friction. 

Sufficient pressure must exist, of course, 
to put liquid into the pump without 
cavitation at the required rate of flow. To 
fulfill this requirement, the absolute pres- 
sure at the inlet must be more than the 
pressure needed to overcome the losses, 
plus the partial vapor pressure of the 
liquid at the temperature of operation and 
the partial pressure of any dissolved gases. 

The dissolved gas partial pressure can be 
eliminated by any process of stripping 
that seems convenient. If a liquid is used 
that has a vapor pressure low. enough in 
value that it may be neglected within the 
precision of the test, the pump losses can 
be measured directly. 

Internal losses can be determined by 
either of two methods in which any 
relief valve in the discharge line is blocked 
closed. In both methods an absolute pres- 
sure gage is connected to the pump inlet 


126 





1200 Curve /- Relief valve 


: 1000 


Curve 3- Relief yo / 
VO bron 
Co, 


oo 
Oo 
oO 


Curve 2- Relief valve operat 


Delivery, Lb. per hr 
& Ss 
So So 


nN 
Oo 
oO 


0 
30 28 26 24 22 20 18 








internal loss--+-- 


4 12 0 8 6 4 2 90 


Pump inlet absolute pressure, inches of mercury 





Fig. |—Delivery-inlet px curves using SAE 10 oil at constant discharge 


pressure, speed and oil temperature. 


and a pressure gage to the pump outlet. 

In one method, the pump is operated 
at constant speed and discharge or differ- 
ential pressure. The delivery is measured 
for different pump inlet absolute pressures. 
The reading of absolute inlet pressure 
occurring at the point where the delivery 
starts to fall off is a direct measurement 
of the internal loss occurring on the suc- 
tion side of the pump for the particular 
operating speed. The letter A on Curve 
(1), Fig. 1, indicates this point. 

In the other method, the pump is oper- 
ated at different speeds and constant dis- 
charge or differential pressure, and the de- 
livery at each speed is measured. The read- 
ings of delivery are plotted against pump 
speed in revolutions per minute, the plot 
results in a curve similar to that shown in 
Fig. 2. Readings of absolute pressure at 
the pump inlet should be taken at each 
speed, so that the absolute pressure oc- 
curring at the point where the delivery 
starts to fall off (point A on Fig. 2) will be 
clearly determined. This absolute pressure 
is a direct reading of the pump internal 


loss for the particular flow occurring at 
that point. 

When pumping a liquid having a high 
vapor pressure such as gasoline, the value 
of pump inlet absolute pressure occurring 
at the point where delivery first starts to 
reduce may not be the pump internal loss, 
but may be the sum of this loss and the 
vapor pressure of the liquid. It is necessary, 
therefore, that a liquid having negligible 
vapor pressure, such as SAE 10 lubricating 
oil, be used in the tests. 

The leakage occurring within a pump 1s 
a function of oil viscosity, therefore, it is 
important that the oil temperature be 
maintained constant throughout each test. 

Where comparative tests on 
pumps are being conducted, sufficient 
removal of dissolved air can be obtained 
by using a valve in the inlet line to reduce 
the pump inlet absolute pressure, Fig. 3. 
Each pump should be operated at an ab- 
solute inlet pressure that will reduce the 
delivery to between 50 and 75 percent of 
full flow to assure cavitation, for a period 
of time long enough to allow four to five 


several 
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passages through the pump of all the oil 
in the test system to strip the oil of dis- 
solved air. 

Whenever the pump is cavitating, the 
pressure within it has been reduced to the 
vapor pressure of the liquid, and practically 
all the air will be stripped out. But a small 
amount of air passing through the pump 
in small bubbles is redissolved under pres- 
sure on the discharge side of the pump. As 
a safeguard, it is recommended that the 
tests be started with the valve in the inlct 
line adjusted to a low absolute inlet pres- 
sure and readings be taken as the inlet 
pressure is increased toward atmospheric. 
Care should be exercised to see that no 
air is taken into the system along the stem 
of the valve used for reducing the absolute 
pressure at the pump. If a globe valve is 
used, it should be installed so that the di- 
rection of liquid flow through the seat 
opening is away from the stem. All pipe 
joints should be air-tight 

Where test results are desired for close 
analysis of the pump design, it is desirable 
that neither dissolved air nor entrained air 
be allowed to remain in the pumping sys- 
tem. With test equipment like that shown 
in Fig. 4, nearly all air is removed from 
the oil before entering the test pump 
by the external vacuum pump. Only air 
evolved from solution within the test pump 
affects its behavior. Readings beginning 
at low absolute inlet pressure are prefera- 
ble with this test equipment also. 

The tests described in the foregoing 
paragraphs must be carried out with relief 
or bypass valves blocked closed; since with 
the relief valve open, there is not a simple 
relation between pump internal losses and 
delivery. The bypass valve, moreover, can 
easily be the cause of some apparently 
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Fig. 2—Delivery-speed curve for 
pump using SAE 10 oil at constant 
discharge pressure and oil tempera- 
ture, with relief valve blocked closed. 


queer behavior of the pump. The relief 
valve should preferably be investigated 
separately, like the pump, before testing 
the combination of the two. 

During bench tests on a positive dis- 
placement pump with the relief valve 
blocked closed, the discharge: pressure can 
be regulated in one of three ways: (1) 
The discharge pressure can be maintained 
constant by manual adjustment of the 
throttle valve; (2) the discharge throttle 
valve can be set initially to provide a 
selected pressure with high inlet absolute 


pressure, and the discharge pressure be 
permitted to fall off with decreasé of inlet 
pressure; and (3) a constant differential 
pressure across the pump can be main- 
tained by manual adjustment of the dis- 
charge throttle valve. 

Where the pump is to be tested at con- 
stant speed for the purpose of design 
analysis, the third method is generally 
preferable. Under this method of testing, 
a constant differential pressure will main- 
tain constant slip or leakage across the 
pump, leakage being a function of differ- 
ential pressure across the pump, not of 
discharge pressure alone, when viscosity is 
constant. 

Whether low atmospheric pressures are 
simulated by a valve in the pump inlet 
line, Fig. 3, or by use of a vacuum tank, 
Fig. 4, the discharge pressure by Bourdon 
gage must be reduced by the amount the 
pump inlet absolute pressure is reduced 
to maintain constant differential pressure. 
With the use of the vacuum tank method 
the differential pressure is automatically 
held constant as long as the flow remains 
unchanged; that is, as long as no cavitation 
is produced. At the point where the flow 
starts to reduce, the throttle valve must be 
further closed to maintain the pump differ- 
ential pressure constant. 

In general, whether or not a pump is 
tested with a constant differential or con- 
stant discharge pressure makes little dif- 
ference, since a change of pressure changes 
only the slip and does not greatly affect 
other characteristics. 

When the pump has a large clearance 
volume, change of pressure may make 
more difference when vapor or gas is 
present; but in that event such a pump 
would not handle either vapor or gas efh- 
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Fig. 3—Arrangement of test equipment for reduced pump inlet pressure tests by throttle valve. Fig. 4—Test equip- 


ment arrangement for reduced pump inlet pressure tests by vacuum chamber. 
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Fig. 5—Delivery - speed curve for 
pump using SAE 10 oil at constant 
discharge orifice and oil temperature, 
with relief valve operating. 


ciently. Clearance volume is of no im 
portance in a pump handling only liquid, 
but a pump handling vapor or gas becomes 
a compressor, then clearance volume is of 
considerable importance. 

Constant speed tests on pumps should 
be conducted with the relief valve in oper 
ation. With a normal setting of the relief 
valve, tests of delivery 
ducted at the different 


should be con 

inlet absolute 
pressures, speeds and discharge pressures 
that tests with the relief 
valve blocked closed. With an ideal regu 
lating valve, a curve of delivery plotted on 
the basis of pump inlet absolute pressure 
should result that will not begin to fall 
in. delivery 


were used in 


until a point such as B on 
Fig. 1, is reached, at this 


point the relief valve should be closed. 


Curve (2), 


The difference between Curves (1) and 
2) shown on Fig. 1 represents the vol 
ume of air, at pump internal suction side 
pressure, that the pump can handle when 
the relief valve is in operation before there 
will be a failure in the liquid delivery. 
his difference is an indication of the lim 
iting air-liquid ratio existing within the 
pump at any inlet condition. Note that 
this volume decreases with absolute inlet 
pressure until point B is reached, at which 
time no air can be present without a re 
duction of liquid flow. 

The vapor handling capacity is difficult 
to check with a volatile material such as 
gasoline, but this capacity can be readily 
determined with the same oil as used for 
the loss tests and with a measured quan- 
tity of air, which will give the same effect 
on the pump. 

Tests can be made with a known con 
stant volume of air admitted in the inlet 
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line, through an an 


meter, for each inlet 
with the relief valve blocked 
closed. From such tests, curves similar to 
Curve (3), Fig. 1, can be obtained. In 
tests with the relief valve in operation and 
the same volume of air admitted as in tests 
with the relief valve blocked down, Curve 
(2) will be followed out to point C, the 
intersection of Curves (2) and (3), after 
which Curve (3) will be followed. 

By this method the limiting air-liquid 
ratio existing at any pump inlet pressure 
can be checked by admitting an increasing 
amount of air through a meter in the 
pump iniet line until, with the relief valve 
in operation, the discharge pressure starts 


pressure, 


to reduce. The volume of air measured by 
the meter at this point, divided by the 
liquid volume delivery of the pump is a 
limiting — air- 
liquid ratio. ‘This ratio can be converted to 


direct measurement of the 
conditions for any point in a lubrication 
or fuel system where the absolute pressure 
is known 

in the analysis of the 
rehef 


In tests to assist 
behavior of the valve, when it is 
desired to know the pressure at which the 
relief valve seats, the pump can be tested 
at different speeds pumping against a fixed 
orifice on the discharge side. The pump 
is operated at high speed and readings are 
taken as the speed is reduced. A delivery 
speed curve is then plotted similar to that 
of Fig. 5. The pressure reading at point A 
on the indicates the 
which the valve seats. 

The pressure at which the valve lifts 
off its seat can be obtained in a similar 
manner by starting the pump at low speed 


curve pressure at 





and taking readings as the speed is in 
creased. 

Relief valves generally do not operate 
at constant pressure as is usually assumed 
The pressure required to operate them 
may vary considerably, especially if a stiff 
short range spring is used, or the inlet and 
outlet passages from the valve have high 
flow resistance. 

An accurate method for determining 
the displacement of a pump is a test at 
constant speed and low intake suction with 
variable discharge pressure. The delivery at 
zero differential pressure determined from 
a graph of delivery versus differential 
pressure is the approximate displacement 
at the test speed. The influence of tooth 
clearance, tooth space volume, backlash 
and pressure angle on spur gear pump 
displacement have been analyzed and eval 
uated by W. B. Erichson, see “Displace 
ment Correction Factors for Rotary Spu 
Gear Pumps,” Propuct ENGINEERING, 
June 1946. 

Leakage within the pump is a function 
of oil viscosity, therefore, it is recom 
mended that all tests be conducted at a 
constant oil temperature of 100 deg. F 
When the tests are conducted with the 
relief valve in operation, it 1s important 
that the discharge pressure be accuratel; 
determined. It is further suggested that 
the reduced inlet pressure tests on the 
pump at constant speed, with and without 
the relief valve in operation, be conducted 
at two or more selected speeds, in order 
that the determined can _ be 
verified as a constant times speed squared 
or a constant times centrifugal force 


losses so 





German High-Temperature Solder 


\ GerrMan | silver-magnesium _ solder, 
capable of withstanding temperatures as 
high as those found inside gas jet turbines, 
may prove useful to many American manu 
facturers, according to a report by the 
Office of Technical Services, Department 
of Commerce. Possible uses for this solder 
in. America may be found in the fabrica 
tion of stainless steel heat exchangers, ex 
haust manifolds, gas turbine parts, and 
general chemical equipment. ‘The 7-page 
report was written by P. R. Vogt and 
H. A. Huebotter for the U. S. Naval Tech- 
nical Mission in Europe. 

The solder is composed of 85 percent 
commercially pure silver and 15 percent 
magnesium. Addition of magnesium in 
this proportion to pure silver gives the 
alloy excellent soldering properties with 
out lowering the melting point of the 
silver. The solder has a melting point of 
1790 degrees Fahrenheit and retains its 
high strength at temperatures up to 850 
degrees Fahrenheit. 


he solder was used to attach the ho! 
low blades of the Junkers 004 jet engine 
to the turbine wheel. Pin fastenings alone 
were not strong enough, and copper weld 
ing or the conventional copper-bearing 
silver solders could not be used because 
copper Causes intercrystalline corrosion of 
austenitic steel at high temperatures. 

I'he new solder was developed at the 
Junkers Works, Dessau, and manufactured 
for them by the Deutsche Gold und Silbe: 
Scheide Anstalt, Hanau. Junkers reported 
that not a single failure had been trace 
able to use of the solder. The report de 
scribes the manufacture and use of the 
solder, as well as the composition of fluxc: 
used in the soldering process. 

Orders for the report (PB-23086; photo 
stat, $1; microfilm, 50 cents) should be 
addressed to the Office of Technical Ser 
ices, Department of Commerce, Washing 
ton 25, D. C., and should be accompanied 
by check or money order, payable to th 
Treasurer of the United States. 
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Fig. 1—Transfer molded parts coming out of the mold. Gates and runners connecting the parts are visible. 


How Transfer Molding 


Affects Plastics Parts Design 


WAYNE F. ROBB 


Research Engineer, Shaw Insulator Company 


A comparative newcomer in the field of molding thermosetting plastics, transfer 
molding is especially suitable where fragile inserts, high dimensional accuracy, and low 
original mold cost are factors in product design. Design data, advantages and limi- 
tations of this process are presented, as well as characteristics of the finished product. 


FOR MANY APPLICATIONS in thermo 
etting plastics, transfer molding offers ad- 

vantages over compression molding; these 
advantages originate from the method of 
oading the molding material into the mold 
ivities. 

In compression molding, “preforms” or 
pills of relatively hard plastic material are 
placed in the separate cavities of a multiple 
lie. When initial pressure is applied, crush 
ing of the preforms may bend, deform or 
lisplace delicate inserts, such as knife 
blades or conductors in electrical equip 


Propuct ENGINEERING — NovEMBER, 


When the dies or “molds” are 
brought together in a hydraulic press, heat 
and pressure soften the preforms to a 
highly plastic condition. The preforms may 
become a pasty mass before the parting 
surfaces of the mold come together, result 
ing in some of the molding material “flash 
ing out” into the space between the die 
halves. ‘The molded parts when taken out 
of the mold cavities have the familiar 
“flash” at the mold parting line; separate 
operations are later required to trim off the 
flash and polish the trimmed surface. 


ment. 


19-46 


In transfer molding, a 
thermosetting plastic material _ slightly 
greater than required to fill the mold cavi 
ties is placed in the “transfer chamber”, 
which is 


quantity of 


connected to the cavities by 
passages. Unlike compression 
molding, the mold halves are closed before 
the molding process begins; thus there is 
no possibility of heavy flash formation. 
The plastic material is heated under 
pressure of a ram or piston in the transfer 
chamber, until it has “plasticized” to a 
toothpaste-like consistency 


means of 


This puts the 
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material in a state of “readiness” for poly- 
merization. The soft material then flows 
under pressure of the ram through the 
passage into the cavities, filling them. Be- 
cause the material is soft when it enters the 
mold cavity, delicate inserts are not dam- 
aged. Under sustained heat and pressure 
the material polymerizes or cures until it 
becomes rigid. The die halves are then 
opened and the pieces are ejected. 

Uncured lumps or granules are not pres- 
ent in the finished product, because all 
crystals are thoroughly broken up in the 
transfer chamber and passages leading to 
the cavities. This results in a smooth and 
uniform surface, unbroken by abrasive 
lumps. This automatic pre-plasticizing of 
the molding compound improves the elec- 
trical, physical and  chemical-resistant 
properties by an average of about 10 per- 
cent. 

Original cost of a transfer mold is often 
less than that of a compression mold with 
the same number of cavities. The cost 
saved by not using separate loading spaces 
for each cavity will more than offset the 
cost of the transfer chamber. Hobbed cavi 
ties, which are most economical for mul 
tiple cavity molds, are sometimes too soft 
to stand up under the highly localized 
pressures of compression molding but are 
entirely adequate in transfer molds. An 
other cost saving arises from the fact that 
no preparation other than weighing out 
the correct charge is necessary in transfer 
molding, in contrast to the preheating 
and preforming operations required before 
compression molding. 

Still another advantage of transfer mold 
ing is the great accuracy of dimensions of 
the molded product in both vertical and 
lateral planes. This is caused by the pre 
clamping of the die halves and omission 
of loading space above the cavities. 

There are two types of transfer molding 
in general use. Both are similar in essen- 


tials, such as pre-heating in the transfer 
chamber and closing the mold before the 
molding process begins. There are, how- 
ever, differences that make each process 
suitable for specialized molding jobs. 

In the "integral” type of transfer mold, 
shown in Fig. 2, the area of the transfer 
chamber is somewhat larger (10 to 25 per- 
cent) than the projected area of all the 
cavities, “lands” (flat or non-molding 
areas) and runners at the parting line of 
the mold. This means that the total pres- 
sure on the material in the transfer cham- 
ber is greater than the total pressure de- 
veloped in the cavities and runners when 
the cavities are filled. 

The system of passage leading from the 
chamber to the cavities are analogeous to 


a tree, which conducts fluids from its roots 
to its leaves: The “sprue” represents the 
tree trunk, the “runners” might be the 
branches and the “gates” the stems of the 
leaves (cavities). 

When the mold is opened, the molded 
parts are ejected; an extra amount of ma- 
terial, left in the press (“‘cull’’), plus gate, 
runners and sprue, is removed and dis- 
carded. A feature of the integral process 
is that the sprue remains in the mold when 
the piece is ejected. 

The integral type of transfer molding is 
especially suited for large parts, where cavi 
ties must be placed close together to fit the 
press platen area, or where one cavity re- 
quires the full capacity of the hydraulic 
press. This type of molding is also useful 
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Fig. 3—Operation of an auxiliary ram or “high speed" type of transfer mold. 
—{A) Mold closed and material plasticizing in transfer chamber. (B) Cavities 
have been filled with material from transfer chamber. 
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Fig. 2—Operation of an integral type of transfer mold. 
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plastics. These materials have bulk factors 
(ratio of raw material volume to molded 
product volume) as high as 8 to 1, and 
cannot be handled easily for preforming 
or preheating. 

The second and more recently developed 
type of transfer molding is the auxiliary- 
ram or “high speed” process, for which a 
mold is shown in Fig. 3. In this process, 
the transfer chamber is a sleeve, the mova 
ble bottom of which opens directly into 
the runners. This makes a sprue unneces- 
sary and reduces the length of flow path to 
the cavities. The movable bottom of the 
transfer chamber pulls. away 
mold is opened. 

In this method, the transfer piston is 
actuated by an auxiliary cylinder independ- 
ent of the main press ram, which clamps 
the mold halves shut previous to molding. 


Time of transfer is thus cut down consider- 
ably 


when the 


Production of small parts in large volume 
is well suited for this method; the process 
becomes almost continuous, and the 
amount of “cull” that must be removed is 
not large, since no sprue is present. 

(ransfer molding has profited by de- 
velopments in high-frequency dielectric 
heating. When used with the integral type 
of molding, dielectric heating reduces 
transfer time 50 to 75 percent. Auxiliary- 
rain .transfer molding in high speed hy- 
draulic presses, used in conjunction with 
igh frequency heating; gives the fastest 
tate of production per cavity. 


— 
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GATE REMOVAL OR CONCEALMENT. AI- 
though transfer molded pieces have no 


. flash like compression molded parts, a 


small rough area remains where the piece 
was broken off from the gate. This “gate 
area” is always at the parting line of the 
mold, unless the part is a large one and is 
made in an integral type of mold—here 
the sprue would lead into the cavity. 


Often it is possible to design the part 
and the mold so that the gate area is con- 
cealed in the assembly or is inconspicuous, 
thus making a finishing operation neces- 
sary. Gates should always be located cen- 
trally, preferably in the heavier sections of 
the part, avoiding obstructions, fragile sec- 
tions, inserts, small mold pins or “blades” 
for molding slots. This makes for a better 
distribution of the soft plastic in the thin- 
ner sections of the cavity, minimizing the 
possibility of low-density parts. Gate area 
is proportional to the weight of the part 
and can be determined from the curves in 
Fig. 4. Transfer molders will advise de- 
signers on location of gates for maximum 
economy. 

If finishing is necessary, a filing and sand- 
ing operation, which gives a dull surface 
slightly larger than the original gate area, 
may be adequate. The designer can specify 
a properly-located beveled edge for this 
operation; this bevel is necessary to avoid 
marring the molded surfaces adjacent to 
the gate area. If a better finish is desired, 
a subsequent polishing and buffing oper- 
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in molding “high impact” thermosetting Transfer Molding Design Factors ation is necessary. Fig. 5 shows a typical 


design problem in gate removal and finish- 
ing. Although gate removal necessititates 
an expense not incurred in compression 
molding, it is less than the cost of remov- 
ing heavy flash. This is especially true in 
heavy fiber-filled “high-impact’’ parts. 


Insert Desicn. Inserts usually provide 
mechanical strength or serve as electrical 
conductors in the product. Transfer mold- 
ing is the ideal way to mold when inserts 
are necessary. Positioning is more positive, 
especially on “through-type” inserts, as the 
mold is clamped shut before molding, thus 
holding the insert in place. 


For slender electrical conductors, the 
flow must be parallel to the conductor axis, 
to maintain proper insulation thickness on 
all sides. The clamping action of the 
cavity upon the exposed ends of inserts 
keeps them clean. An excellent surface for 
bearings or electrical connection is main- 
tained since there is no flash or plastic film 
on the surface. Also, there can be no 
marring of the surface since no finishing is 
required. 

Inserts may completely inclose the plas- 
tic material. Typical examples are shown 
in Figs. 6 and 7. The Venturi tube was 
molded inside a piece of standard galvan- 
ized pipe, while the armored or shielded 
ignition fittings were molded inside drawn 
and brazed shell assemblies. In both prod- 
ucts, the cavity is made to fit the shell 
contours and to support it when full pres- 
sure is exerted by the fluid plastic. The 
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Fig. 6—Venturi tube section molded inside steel tube in one operation. 





Fig. 7—Aircraft ignition fittings (cutaway) were molded inside 


tragile core pins molding the internal 
diameters are locked in place before the 
plastic enters, thus greatly minimizing the 
probability of damage. As shown in Fig. 
8, slip rings for rotating electrical apparatus 
are readily produced by transfer molding 
without distortion of the copper sleeve 
and connection wires. 


Unpvercuts. Intricate or large undercuts 
in molded pieces, such as are found in the 
rear end section of an iron handle, are 
molded with no damage on semi-automatic 
transfer molding presses. The sections of 
the mold member that mold the undercut 
surfaces are connected to a mechanism 
that is interlocked with the motion of the 
press, as Shown in Fig. 7. This mechanism 
is partially exposed when the mold is open 
and the undercutting member is retracted. 
The clamping action of the mold seals off 
the exposed parts of the mechanism, thus 
preventing any binding from flash. This 
construction is expensive but it allows the 
molder to take full advantage of all other 
iutomatic features of his equipment to 
obtain the maximum output. This, of 
course, means savings in finished part cost. 


SURFACE FINISH AND APPEARANCE. The 
surface of many compression molded parts 
exhibit what is commonly called “frog- 
skin” or “orange peel”; this is purely a 
surface condition and does not affect the 
part mechanically. This condition is most 
apparent on surfaces perpendicular to the 
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shields. 


metallic electrical 





Fig. 8—Large slip-ring assembly, produced by transfer molding showing un- 
distorted copper rings and connection wire molded in place. 


direction of molding pressure or parallel to 
the parting line of the cavity; the effect be 
comes more noticeable in large parts. This 
is caused by non-uniform plasticization of 
the molding compound, resulting in the 
softened granules flowing into the spaces 
between the colder and stiffer granules; 
hence the “orange peel” effect. To re- 
move the orange peel surface and to im 
part a gloss, buffing is required. 


Ihe hard, lustrous surtace of transfer 
molded parts is superior to a buffed sur 
face in resistance to everyday wear. The 
“‘as-molded” surface of an article such as 
an appliance handle that is gripped in the 
hand is much superior in resisting the dull- 
ing effects of skin acids and oils, than is 4 
buffed or mechanically polished surface. 
Buffing removes the thin resinous film on 
the molded surface and exposes portions of 


Propuct ENGINEERING — Novemser, 1946 








the organic filler material. Goncealing the therefore, long or deep holes may be 
gate stub area by design location is im- molded by transfer methods. 

portant in this respect, because it makes For blind holes requiring a pin sup 
unnecessary “the ~pohishing-eperation= that ~~ ~perted -at-one.end,-.and.for. through . holes 
imparts durability of the surface of molded that are molded by pins supported at both 
parts. ends, where 


DIMENSIONAL ACCURACY OF TRANSFER 
Mo.pep Parts. Because of preclamping 
of mold cavities, transfer molded parts 
have excellent dimensional accuracy. 
Lateral dimensions of a transfer mold 
avity can be held close to desired size. 
The setup for machining the cavity is [For blind holes: 
simple, because short tools can be used. 
his is possible because there is no load- 
ing space above the cavity. Large multiple 
cavity transfer molds may, for certain 
molded parts, use bobbed e¢avities, which 


Ls = length of blind hole, in. 

Lr = length of through hole, in. 

D = diameter of hole, in. 

K 3 2, for rag-filled material 

K 3 2.5, for wood-flour filled material 


the relationship is: 


Compression molded 


Le , 
= 


l'ransfer molded 


Lp 
D 

For through -holes: 
Compression molded 


Lr 24D — Yn. 
Transfer molded 
Lr28D 


These length-diameter relationships for 
transfer molded parts may be exceeded by 
judicious choice of gate location. An ex- 
ample of this is the curved, through hole 
in the handle of a telephone handset that 
has been recently designed. The unsup- 
ported length of the core pin for this hole 
is 41/2 in. The pin is less than 5/16 in. 


= 4 





always have uniform lateral dimensions, 
resulting in molded parts from all cavities 
that are also uniform dimensionally. Since 
there are no highly localized stresses, 
hobbed cavities will wear well in transfer 
molds. 

The accuracy to which parts may be Factor 
molded by the transfer method is given in 





Table I—Tolerance Factors 
Tolerances given here apply to parts from 
molds in which normal wear has occurred. 


lolerance (Plus or Minus), in 


Type of Mold Construction 


cay . . . ° ' y i . dean ( 
Table I. Special dimensional requirements Low Cost Normal Precision 
with tolerances closer than those even 1. Shrinkage in any linear dimension: 
should be discussed with a molder during 
the designing of the part. Material factor that applies to any molding 
method 
Desicn oF Hotes. The design of holes in - _ , 
plastic parts usually presents an im- 2 in. or less ' alia: 0.00; 0.005 0.002 
4 Soni <a | | 0.010 0.005 | 0.003 
portant problem. Molding of holes requires °c . eae be 0 O15 0 008 0 004 
the use of core pins, which increase in For each inch over 2 in. add...........} 0.005 0.0025 0.0015 
fragility as the length-diameter ratio in me - reine seen a 
oe . Rs Br, a ca ‘ i : 

reases. Transfer molding offers a method 2: Parting line: Additional tolerance that must 

; eae ; be added to dimensions crossing the parting] 
for the use of fragile core pins with small i alka aeall 
possibility of damage to the pins. Semi- | 
liquid material entering the cavity of a For Compression Molding = 0.020 | 0.010 0 005 
mold does not exert as high a pressure on For Transfer Molding “i 0.008 | 0.004 0.002 


the pins as does solid granular material, 















‘s~Par rting line 
of mold 


Common design of tron handle- 
has large cored out section 


: Mold member fo core out hand/le or 
in rear end 


mold under cut must move at right 
angles to mold halves 


Upper 


Attachment? to cavity 


moving mechanism, 








a “Parting 
/ine 
Mold member fo 
form undercut 
‘“{. Lower 
Note that core section is firmly cavity 


located and held in position. 
Mechanism is sealed off from cavity at points‘X” Section through cavity at 


rear end of handle 





Fig. 9—Self-contained mechanism for motion of special side-coring mold 
members is used in transfer molding where difficult undercuts are required, as 
in this rear end section of iron handle. 
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dia. through most of its length (A taper 
is necessary for withdrawal of the core pin 
from the molded part). Thus, the length 
diameter ratio is greater than fourteen. 
Che pin is distorted only slightly from the 
true arc of a circle; otherwise, it could not 
be withdrawn without damaging the 
molded part. 

rransfer molding is not offered as a 
panacea for all thermosetting plastics prob 
lems. Heavy filled materials such as 
chopped laminating scrap or cord-filled 
material cannot be transferred through 
sprues and gates because fibers are torn, 
resulting in reduced strength of the molded 
part. For single cavity molds, transfer 
molding requires higher tool cost than 
compression molding. In sections perpen 
dicular to the molding pressure, the 
strength of high impact materials that are 
transfer molded is not as great as the same 
materials compression molded. This how 
ever, would apply only to laminates, where 
downward pressure 1s most important, but 
transfer molding gives greater strength in 
all other directions 
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Foreign abstract condensed from "Attack of 
Various Atmospheres on Copper and Some 
Copper Alloys at Elevated Temperatures" 
by A. P. C. Hallowes and E. Voce in Mefal- 
lurgia (England), June, 1946, Page 95 


‘THE RESISTANCE to oxidation and scaling 
at 400 deg. C. (750 deg. F.) of 23 copper 
base alloys in five different atmosplieres 
have been determined. The analyses of 
the alloys are given in Table I. The 
atmospheres used were as follows: 

1. Dry air freed from impurities. 

The same air stream with the following 
additions by volume: 

2. 10 percent water vapor, 

3. Approximately 0.1 percent sulphur 
dioxide, 

4. 5 percent sulphur dioxide, 

5. Moist hvdrochloric acid (approxi 
mately 0.1 percent HCl] and 1 percent 
H,O). 

Cylindrical specimens 1.25 cm. in dia 
meter and 4.45 cm. long were heated in a 
tube furnace in the selected atmosphere 
for 5 hours. After removal and cooling, 
each specimen, together with any loose 
scale, was weighed to determine the weight 
increment. ‘The detachable scale was then 
removed with a stiff wire brush and the 
specimen was reweighed to determine its 
weight loss. This cycle of operations was 
repeated until the rate of attack became 
constant for several cycles. 

From the results of these tests, which 
are listed in Table II, the following con- 
clusions were drawn. 

1. Except silver, all the additions to 
copper effected an improvement in_ its 
resistance to dry air. The aluminum 
bronzes were the most resistant to dry 
air, being almost immune from attack 
under these conditions. 

2. Introduction of 10 percent water 
vapor into the air stream made little differ- 
ence to the scaling rates, but some of the 
materials showed a slightly decreased at- 
tack. The attack upon the tin bronzes, 
however, was increased. 

3. The presence of approximately 0.1 
percent sulphur dioxide in the air gen- 
erally increased the attack. The most 
resistant materials were the aluminum 
bronzes containing 5 percent or more alu- 
minum, and Everdur. 

4. Increase of the sulphur dioxide cun- 
tent of the air stream to 5 percent con- 
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Atmospheric Attack on Copper Alloys 













Table I—Analyses of the Materials 




















Alloving Impurities, 
_Nominal Mark Copper, Con- percent 
Composition 7 percent | stituents, |— 
percent Miscellaneous 
Tron (0 005) 
Group A: Coppers 
ORC, Tough Pitch...... EST 1 | a ere 0 0n2 Oxveen 0 019 
CCC, Tough Pitch..... ESU | re 0 002 Oxvgen 0 030 
OFHC, Oxvgen-free.....| ESV | 2 J ae 0 002 Oxygen 0 0001 
Arsenical, Tough Pitch. .| EO | 99 50 As 038 0.0007** Oxveen 0 072, 
Ni 0 034 
Deoxidized Arsenical....} GHA | 99.41 | As 0 46 | 0.002 PO 07, Ni 0 06, 
| PhO O1 





Group B: Aluminum Bronzes 









































2% aluminum......... DMX 97 93 AL 206" OOl —kwaaee 
S% aluminum......... FRF 94 33 AL OS ee OCCR OO lkhaweas 
10% aluminum......... DLH 90 20 ee Se TE UL |: 
10% aluminum......... DMY 87 .07 A ES) aaece 869 Gibaimars 
+2 8% iron........... i Sees Pe ease = Stoke 
11% aluminum......... ENY | 8889 | Al TD 107] OOOH nase. 
12% aluminum......... ENZ | 67-92 TAU 12°06" OO2 ss nvacvs 
| Group C: Individual Addition Elements 
i errr. DUU | 9895 | Ag 101] OO ...... 
1% cadmium........... DYH 9R 82 Ce §th) OO ss ivvsuce 
0 5% chromium........ FHX/Y | 99 32 Cr 0O 42 ne 
4% manganese........ DVT | 96 05 Ma $861 OG72 cisocs 
i MIN ce 2 2a 6) 0. 880K DNZ 9 OI he S102 | CO) ss casvee 
0 25% phosphorus......}| DOG 99 78 P 0 28 SOs Aawacwn 
i re DPR 99 01 Ss @97)1 OOF ‘snsiesr 
2% tin (phos. deoxid.).. .| DQX 98.06 | Sn 191 oe | re 
| |p 0 007 
PIO MOE. ck wsdisortwacaun DRO 9577 | 7a 3 2271 OOOG  — sisicncs 
Group D: Industrial Allovs 
3% silicon + 1% manga | DXV 9600 |Si 302] 0038 ~~ ...... 
nese (Everdur) Mn 095 
0.5% silicon + 0.75%) DXW 98. 36 | Ni O89] OO1 Zn(?) O 13* 
nickel (Kuprrodur) Si O41 
5% tin + 0.1% Phor-| DFF 94.31 ida S02] O005 crs 
phorus o| P 0 11 








* By difference. 
** Spectrographic determination. 





siderably increased the attack upon nearly but this atmosphere was deterimental to 
all the materials. The greatest resistance the aluminum bronzes of lower aluminum 
was afforded by the 10 percent aluminum content and to the 1 percent silicon alloy. 
bronze containing 2.8 percent iron and 5. The presence of small amounts of 
the straight 12 percent aluminium bronze, moist hydrochloric acid in the air stream 
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Table Il—Oxidation and Scaling at 400 deg. C. 






































Dry Air Air + 10% Dry Air + Drv Air+ | Moist Air + 0.1% HCl 
H,0 0.1% SO; 5% SO; Loss 
Material Mark After 
(Nominal Composition) - Incre- Incre- TIncre- Incre- Initial Incre- 
ment Loss ment Loss ment Loss ment Loss | 5-Hour ment Loss 
Rate Rate | Rate Rate | Rate Rate | Rate Rate | Treat- Rate Rate 
ment 
Group A> Coppers 
ee eee ere er EST 54 350 38 230 130 290 280 ls 
66 a ESU 42 340 37 240 130 300 220 250 | 7,400 
OFHC. Oxvgen-free................ ESV 38 280 30 210 94 220 220 2001 6.200 us lke ee 
Arsenical Tough Pirch............. EO 30 150 22 130 30 190 290 280 | 6,400 
Deovidized Arsenical .............. GHA 25 140 17 110 35 190 280 340 | 6,100 
Group B: Aluminum Bronzes 
SRN 6 canceccensncewineee DMX 4 —4 7 —7 22 72 660 500 770 §=230~=61,200 
0 re FRF 0.5 —0.5 ] —1 2 —2 1,800 2,600 270 65 330 
tee DLH nil nil nil nil 3 —3 320 190 130 =150 470 
10% aliminum + 2 8% % iron........ DMY nil nil nil nil 2 —3 4 —] 130 83 240 
Le ae ENY nil nil nil nil 2 —2 310 120 280 =120 150 
D2 PUOWRUEN 6 oio0ei6is cass wrzmaweced ENZ nil nil nil nil nil nil 9 6 200 130 210 
Group C: Individual Addition 
Elements 
1% "0 DN ines dccnh indie ttn erates Xceed DUU 56 350 52 280 130 410 | 430 320} 7,20 ... — 
2% 7o PNR sc siscra Sats esa acisalieels DMX 4 —4 7 —7 22 72 660 500 700 230 +#1,200 
TFe GCRUMIIIN, 5 oo o.c sie s:0.0.0'0:00-0:0' 6 000 DYH 10 80 14 110 25 180 180 160 1,300 0 
0 5% chromium..............0005- EHX/Y 40 240 39 260 31 220 380 300 5.700 
re DVT 26 180 17 80 160 250 320 240 ee 
3% nickel. . etna id tee dina ste ee cs eae DNZ 44 210 33 150 110 290 350 310 Soe” Gem  owaieen 
0 2 FE ~ phe isphorus ee ee DOG 38 210 24 140 28 170 240 210 4,700 - 
1% € Lan smth teP seer cil catges ciceanenked DPB 5 22 19 50 48 160 780 880 550 600 3,500 
2% tl 1 (phos. deoxid. D civil ascenkic iutaboaiiieel DOX 36 110 31 220 42 300 | 630 G91 10.008) oka tte 
3% zine Salata atti bist Conigtialieae DRO 22 100 15 90 32 250 220 160 1 SCD kaw ahben 
(See also arsenical coppers in 
Group A) 
Group D: Industrial Alloys 
3% silicon + 1% manganese 
CE VOREY css noc, a ere rarardtors DXV 2 1 0.6 —0.6 l —05 270 270 —30 330 2,300 
0 e silicon + 0 75% nickel 
(Kuprodur) Oe ee eee ee DXW 16 50 15 45 75 90 | 410 430 | 2.200 700 = 4,100 
5% tin + 0 1% phosphorus......... DFF | 34 81 31 160 | 120 350 | 580 600 | 11,000... ..... 














Increment rate represent weight increment per cycle for specimen and scale, in milligrams per square decimetre saad ace area of specimen. 


Loss rate represents loss of weight per cycle of the specimen only, after brushing, in milligrams per square decimetre of surface area of 
specimen. (Negative loss rate indicates an adherent scale.) 





had a marked accelerating effect on the tection against the atmospheres containing ful, but the majority were limited to 700 
scaling of all the materials, and only the — suphur dioxide or hydrochloric acid. deg. C. Materials such as Dug appeared to 
uminum bronzes and silicon alloys 7. The arsenical coppers were less at- be most promising but were not suggested 
howed modcrate resistance. tacked than the nomarsenical and the until shortly before the fall of Germany 

6. Selective oxidition protected 5 per other additions to copper, with the ex and therefore were not sufficiently de- 
ent aluminum bronze from ordinary at- ception of silver, effected an improvement — veloped to prove all their qualities. ‘Table 


mospheric oxidation at temperatures up 
to at least 800 deg. C., provided that 
the oxide film was not scratched or other- 
vise damaged. It did not confer any pro- 


to a greater or lesser extent. The presence 
of aluminum conferred the highest resist- 
ance and the silicon alloys gave generally 
good results. 


I lists the most important ceramic mate- 
rials that were considered. 

It was found that tensile and bending 
stresses could be increased by a combina- 
tion of Al,O, Si O, (Group 5) but these 
failed under sudden temperature changes. 
A combination of Fe and Al,O, produced 
the best results, but the addition of Fe in- 
creased the coefhicient of expansion of the 
material. 





Ceramic Materials in Gas Turbine 


From “"Develonoment of Ceramic Materials 
For Use in Gas Turbine Engines" by G. H. 
De Witt, R.C.A.F., Combined Intelligence 
Objectives Sub Committee, Published by the 
Department of Commerce PB No. 967. 


IN THE SUMMER OF 1944 the German Air 
\linistry realizing their acute shortage of 
nickel and chromium ordered LFA to com- 
mence an immediate investigation into 
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the possibilities of utilizing ceramic mate- 
tials in place of the aforementioned metals 
used in the manufacture of high tempera- 
ture steels. A number of firms carried out 
research on the possibility of developing 
ceramic materials with sufficient strength 
to withstand the high stresses and tempera 
tures required for use in gas turbines. Sev- 
eral combinations were moderately success 
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Four methods of obtaining blade shapes 
were as follows: 

1. Pressing: The powders were placed 
in a form and subjected to a high pressure 
at both ends. This procedure was not suc 
cessful for blades of which the ratio of 
length to width was greater than two since 
a uniform pressure could not be obtained 
throughout the length. 

2. Vibrating: To overcome the difficult, 
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encountered in pressing the powders, a 
vibration method was developed. This was 
found unsatisfactory as the powder would 
not bond with sufficient strength. 

3. Extruding through a Nozzle: Some 
ceramic materials were successfully ex 
truded through a nozzle having the de 
sired blade profile, but the chief difficulty 
in this method was to prevent the material 
from warping while drying at 100 deg. C. 

4. Molding: Water was mixed with ce 
iamic materials and poured into a gypsum 
mold. Mold was placed in an oven and 
heated for several hours at 100 to 300 deg. 
C. until all the water was removed through 
the porous mold. Mold was separated and 
the blade hand filed to correct shape before 
final baking. Length of time required for 
final heating varied and also the tempera- 
ture (1200-1900 deg. C.) depending on 
the materials used. To prevent a large 
temperature gradient throughout the blade 
thickness, hollow ceramic blades were de 
veloped. No test reports have been found 
on these blades. 


Resutts. ‘Test results for Sillimanit 91, 
Sillimanit 10A, and Frequenta in tension, 
compression and bending are indicated in 
Figs. 1, 2 and 3 respectively. It is noted 
from the graph that materials containing 
Al,O,, and MgO may be used only if the 
temperature remains below 700 deg. C. 
Most promising ceramics on the list previ- 
ously quoted are Dug, SiC and Sinter- 
tonerde, but test results are not available. 
German engineers felt that Dug could be 
used for stationary blades at temperatures 
as high as 1000 deg. C., but never had a 
chance to prove this claim. Blades could 
be manufactured and used in gas service 
at temperatures not exceeding 700 deg. C., 
but because of their low tensile stress limi- 
tations they could not be used for blading 
in an orthodox rotor assembly. 

Construction. As the need for a new 
material to replace high temperature steels 
increased, and experimental axial turbine, 
having the blades and bases of both the 
rotor and stator of solid ceramic material, 


was proposed. To prevent failure of the 
material at high tensile loads it was found 
necessary to mount the rotor blades in- 
ternally on an external drum. Thus turbine 
blades were subjected only to a bending 
and compressive stress. In the rotor the 
blades were held in place by lugs on steel 
rings so arranged to provide a small clear- 
ance between blade root segments to allow 
for expansion of the materials at high tem- 
peratures. The whole assembly was held 
together by flanges on the steel drum. 
Steps were formed in the base of the stator 
blades to provide a location for steel bands 
that acted as separators and supports. Cool 
ing air was provided at the base of both 
the rotor and stator blades. Fig. 4 shows 
this arrangement. 

Meantime there had been developed a 
water cooled turbine operating satisfactoril; 
at 12,000 r.p.m. and 1,200 deg. C., so 
German engineers were ordered to con- 
centrate their efforts on the development 
of ceramic materials for use in stationary 
guide vanes. All materials available failed 
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Fig. |—Test results on Sillimanit 9i. 


Fig. 2—Test results for Sillimanit 10a. Fig. 3—Test results for Frequenta. 












































FIG.4 



































A- Rotating drum 


D-Stee/ rings 











B- Spring loaded spider 
C-Cooling air passage 


—=-Ceramic 


B- Blade 


__Hot gases 





A -Blade base 


C - Copper-si/ver solder 
FIG.5 








A-Blade base 

B- Blade 

C -Stee/ powder 
FIG.6 








Fig. 4—Schematic diagram of ceramic blading arrangement of turbine TI. Fig. 5—Section of blade base using solder. 
Fig. 6—Section of blade base using powdered metal. 
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Group Name 








Steatit 
Kevafar 
1 Sipa 14 
Sipa H 
Frequenta 


Composition 





Si O, HO Mg O 





Table |—Ceramic Materials for Turbine Blades 


Manufactured at 


Stemag, Berlin 


Sicalit Caht + 30% SiC 


Hartporzellan 
2 Calit 
Ardostan 
Pyrodur 

















Hescho, Hermadorf 





3 Sintertonerde ALO, Degussa, Frankfurt 
Sinterbery II Be O 
Sillimanit 10 A AlO, HO Si Op Koppers, Dusseldorf 

4 Tonerde T. E. 
K-Masse 

5 Prokorund . 
Hartporzellan AlsOs Si Ov Porzellan-Manufaktur, Berlin 
SiC-Masse 
Dug 50% Al.O; + 50% Fe Osram, Berlin 

6 30% AlxO; + 70% Fe Siemens-Halske, Berlin 


70% Al,O; + 30% Fe 


Branch of LFA, Riva, Ital) 





it temperatures about 800 deg. C. Mate 
rials of Fe and Al.O, were not available. 

Because of the relatively high coefhcient 
of expansion of ceramic materials, it was 
felt that a solid nozzle guide vane assembly 
would be impracticable and some method 
of individual fixtures would be required. 

The first attempt was to form a base 
from pressed metallic powder, but this was 
not successful because of the difference in 
the rates of expansion between blade and 
ase at elevated temperatures. 

The second proposal was a high-tempera 


ture steel foot containing a slot slightly 
larger than the blade profile (Fig. 5) and 
the blade retained by a silver-copper solder. 
This method was not satisfactory at high 
temperatures because of the low melting 
point of the solder. 

A foot was built up by spraying metal 
on the base of the blade but this was dis 
couraged because of the lengthy manufac 
turing time. The most satisfactory method 
was similar to the second method except 
that a powdered steel was used in place of 
the solder. The powder was pressed firmly 
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in place and baked (Fig. 6). Each foot 
or blade base was cone shoped (Fig. 7) 
and it was proposed to locate these seg- 
ments between flanges. 


Conciusion. Because of the low ultimate 
tensile strength of ceramic materials they 
are not suitable for turbine blades mounted 
externally on a rotating drum or wheel. 
Homogeneous material such as Al,O, and 
BeO fail because of sudden changes in 
temperature. A mixture of Al,O, and Fe, 
although difficult to form, appears to be the 
most promising. German engineers felt 
that with another year’s research they 
would probably develop stationary turbine 
blades suitable for operation up to 1200 
deg. C. The ultimate aim of those per- 
sons responsible for engine research at LFA 
was to design and construct a gas turbine 
engine using ceramic stationary blades and 
a water cooled axial turbine operating at 


1200 deg. C. and 20,000 r.p.m. 
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Fig. 7—Proposed stator blade fixture. 





Product Design for Customer Acceptance 


Foreign Abstract, condensed from "Product 
Engineering’ by R. W. J. Cockram, in 
Mechanical World and Engineering Record, 
August 2, 1946. 


l'ECHNICAL and commercial considerations 
that make for the successful manufacture 
f an article to please the customer are 
liscussed under the following headings: 
1) Functional requirements; (2) produc- 
tive facilties available; (3) transport. re- 
juirements; and (4) sales and customer. 

Those characteristics that govern satis 
factory operation under all service con- 
litions must be considered as functional 
requirements. Decisions rest in sound tech- 
nical knowledge. Although ability to man 
pulate mathematical formulas will, on 
ccasions, control full exploitation of the 
lesign, decisions are largely dependent 
ipon past experience and upon knowledge 
f similar successful designs. 

Direct application of formulas may give 
onflicting results. An example is cited 
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from electrical work where, on evolving the 
cross-sectional area of a conductor in a com 
ponent of low current rating, the formula 
gives the part such fragility that it would 
not support its own weight during assembly 
and would certainly become badly de- 
formed while binned in stock rooms. In 
this example mechanical requirements rule 
out electrical requirements. 

It is suprising how, even today, many 
engineers hold fast t@ the “ancient” fal 
lacy that a perfect design is one in which 
all the members are so carefully “stressed” 
that all fail simutaneously. Rather the aim 
should be that the first component to fail 
renders the whole equipment inoperative 
yet still safe to approach. Examples are 
seen in shear couplings for shaft drives, 
electrical circuit breakers and fuses, and 
even the belt drives of machinery. 

Balance is a further consideration in the 
apportionment of sections to components. 
A heavy component can impose strains, 
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in addition to those anticipated from 
service conditions, to make excessive the 
resultant strains on a mating component 
of relatively light mass. The value of up 
to-date technical information cannot be 
too highly stressed. Science is constantly 
progressing, and to be successfui the en- 
gineer must weave into his products all the 
applicable information obtainable from 
scientific research and discovery. 

Finally, and in the author’s opinion 
of extreme importance, is the necessity 
for an early decision of the manufacturing 
process to be adopted. So many products 
fail through bring adapted to a process in 
production where success would have been 
assured if the original work had been 
directed towards suiting the design to the 
manufacturing process. Where processes 
having high production rates are involved, 
design to suit the process assumes consider 
able importance. 

Choice of the production process de 
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pends upon the facilities at hand or avail- 
able frem outside the works organization, 
as well as upon the general functional 
and sales requirements to be met. Among 
the reasons for calling in outside sup- 
pliers are production requirements that 
are too great for the facilities available 
and conditions in which the required 
characteristics can only be obtained from 
specialized processes such as die casting or 
plastic molding. 

The contours of a product should be 
decided with knowledge of the production 
processes and methods to be used. Some of 
the more general things to be avoided in- 
elude blind tapped-holes, unmoldable cyn- 





tours, sudden changes of section for all 
hot working processes and radii for pressed 
components. This involves a careful study 
of the available production processes and 
the securing of up-to-date information on 
latest developments. 

As a means of collating such informa- 
tion the author found considerable ad- 
vantage in filing carefully selected articles 
from the technical press. ‘The accompany- 
ing tabulation serves as a guide in choose- 
ing the manufacturing process. No indica 
tion is given regarding the general ap 
pearance of the products of these processes, 
which is of real importance when consider- 
ing the design from the customer’s angle 










where the product is prominently on 
view. 

Transport considerations have received 
but little consideration in the design of 
equipment. One of the most important 
lies in the method of packing. Where 
quantities are large and the gear is of 
tractable size, the individual and group 
methods of packing prove efficient. In this 
matter the expert can be called in with 
advantage, for he will design a carton both 
to house the gear and to protect it, as 
well as supply cartons in quantities. The 


advantages of such methods include prompt 


attention from railwav staff and the min- 
imizing of storage before dispatch. 








Lowest 
Economic | 
Quantity 


Contour Intricacy 


Available 


Process Chart 





Machining | Assembly 
Costs | Costs | 
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Working 


Materials Remarks 














| | | 
Forming and pressing..... | up to | Non-re-entrant | Nil | High Most sheet metals Of wide application 
1,000 | relatively simple | | 
Sand casting........<.... l Complex ' High Moderate | Most ferrous and non-| Of wide application 
| ferrous metals | 
Gravity die casting. . | 250 | Complex, but avoid} Low | Low Metals with M. P. | Used where pressure die 
re-entrant over 1,400 deg. C. | casting not practicable 
Pressure die casting.......| 5,000 Complex, but avoid! Very low | Very low | Mostly zinc alloy | Only applicable for large 
re-entrant where | quantity production. Ex- 
possible | | cellent finish obtained 
Extrusion..... | lton Simple | Simple | Brass and copper | Section contouring only 
| cut-off 
Hot pressing... .. | 5,000 | Relatively simple | Moderate | Moderate | Brass and manganese] Very close grain results 
| | bronze 
Hot stamping.... | 5,000 | Relatively simple Moderate | Moderate | Brasses, bronzes, steel.| Used where hot pressing 
| | | etc. not practicable _ 4 
Plastic molding. . . nie 5 ,000 Intricate | Avoid Very low | Thermo-setting and] Low specific gravitv. Ex- 
| | thermoplastics cellent} and decorative 
| finishes obtained 
Ceramic molding. . | 100 Simple, avoid thin} Avoid | Low Ceramics Used for combined refrac- 
walls tory and electrical insula- 
tion applications 
! 





From “Low Pressure Molding—Materials and 
Techniques,"’ by T. Walter Noble, Fabricon 
Products, Inc., presented at the annual meet- 
ing of the Society of Plastics Engineers, held 
in Deiroit on January 8, 1946. 


IN THE PRFPARATION of low-pressure mold 
ing or laminating materials, the same gen 
eral production technique is employed as 
in the production of the high-pressure ma- 
tcrials. The base materials are the same, 
utilizing paper, cloth, fiberglas fabric, 
ravon and asbestos. In treating or impreg- 
nating the base material, which functions 
as a carrier for the resins and imparts a 
particular physical property, three general 
methods are employed. ‘Thev are the 
squeeze roll, doctor knife and dip-and-flow 
method. 

The material is first immersed in the 
resin varnish, and the excess is removed 
until the desired resin content is achieved. 
In the squeeze roll method, this is ac 
complished primarily by squeezing off the 
excess from the carrier material, although 
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Low Pressure Molding 


it 1s sometimes necessary to decrease the 
resin content by decreasing the solids 
content of the varnish. 

In the dip-and-flow method, the resin 
content is controlled primarily by decreas- 
ing the solid content of the varnish to a 
point where only a slight degree of doc- 
toring or squeezing of the base material 
will produce the desired resin content. 
Thus, the major control is in proper ad 
justment of the specific gravity of the 
varnish. 

In the doctor knife method, a rather 
heavy, paste-like varnish is scraped back 
by means of a doctor knife, to a point 
where the finished product will have a 
specific resin content. In the process of 
doctoring, the web is supported either 
between carrier rolls under high tension, 
or on a table device. 

After the resin content has been ad- 
justed to the proper point, the solvent is 
evaporated. The solvent for the resin 
may be alcohol, water, or a combination 
of both. The resin is then condensed 
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to a point where it will have the requisite 
molding properties for the job at hand 
This is accomplished by passing the treated 
fabric through a long horizontal or verti 
cal oven, and subjecting it to heat treat 
ment by means of a heated blast of air 
or infra-red lamps. 

Various resins are emploved, including 
phenolics, ureas and melamines. Each of 
these materials impart different physical 
properties, most of which are fairly well 
known. 

After the material has been treated 
various methods are employed in the 
final molding. The first method is base« 
on a specific piece of molding equipment 
the autoclave. It is essentially a_ stec 
chamber with a door that can be readil\ 
closed and clamped under pressure, and 
then opened at the completion of th 
molding cycle. Three different method 
of molding are utilized in autoclave mold 
ing. ‘hese employ the same basic princi 
ple: A rubber bag or blanket is used a 
a distribution mat for either steam o 















nd 
he 


ds 


+¢ 








hydraulic pressure, while on the other 
side of the rubber bag or blanket there 
is a partial vacuum to enhance the posi- 
tive steam pressure. 

The advantages of this type of mold- 
ing, are the low mold and tooling costs, 
and the fact that the autoclave can pro- 
duce extremely large-size pieces. The dis- 
advantages are the extremely long cycle 
necessary in curing, and the length of 
time required to load and unload the 
autoclave. 

[he second low-pressure technique is 
the hat press method of molding. It is 
a variation of an-autoclave, combined with 
a toggle press. The mold, which is heated 
by either steam; gas or electricitv, closes 
1 toggle against an inflatable rubber bag. 
This transfers the pressure of a small 
hydraulic pump to the molding material, 
which is in contact with the heated mold. 

A type of toggle press commonly used 


in the hat industry has been adapted tc 
the molding of plastics. The press is a 
toggle or lever type, with an adjustable 
device for holding the upper portion of 
the male and female mold. The lower por- 
tion of the mold is heated by electricity or 
direct gas flame. Molds are usually made 
of aluminum or Kirksite, although a few 
molds have been made of the conventional 
hardened steel. 

One of the very interesting types of 
molding as far as the future possibilities 
are concerned, is that of * low-pressure 
laminating. This type of molding employs 
the usual male and female type of hardened 
molds, preferably chrome-plated. Instead 
of charging the cavity with a powder 
charge or a pre-form tablet, however, a 
pre-form assembly of die-cut pieces of 
treated fabric or paper is emploved. This 
pre-form assembly may be stamped or 
stitched together for ease in handling. 
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In the production of molded laminates, 
it is often of considerable advantage to 
use die-cut patterns or segments, to make 
up the preform assembly, instead of work- 
ing from full width treated fabric. By 
employing such die-cutting segments, a 
minimum of the molder’s time is required 
in handling the preform, and makes un- 
necessary the die-cutting of various types 
of materials. 

The characteristics of molded laminates 
are: Extremely high impact values, and 
the elimination of certain types of finish 
ing operations, such as drying, milling, 
cutting and lathe-turning. In addition, 
the finished part has a protective film of 
resin that decreases moisture absorption, 
increases abrasion resistance, and the ap- 
pearance of the finished part is markedly 
better than what would be obtained from 
machining the part from a picce of lam- 
inated shect stock. 





Improved Cathode-Ray Tubes 


From “Improved Cathode-Ray Tubes with 
Metal Backed Luminescent Screens':by D. W. 
Epstein and L. Pensak, Research Dept., R.C.A. 
Laboratories, Princeton, N. J., in R.C.A. 
Review, Vol. Vil, No. |, March 1946, pages 
5-10. 


CONSIDERABLY IMPROVED Cathode-ray tubes 
result from the application of a light- 
reflecting, electron-pervious, thin metallic 
layer on the beam side of the luminescent 
screen. Although this has been realized 
for some time, it is only recently that prac- 
tical methods for applying such a metallic 
layer in kinescopes have been developed. 

Observations and measurements on such 
tubes, using aluminum for backing, show 
that under appropriate conditions such 
tubes have many advantages over similar 
conventional tubes, including: 

1. Improved efficiency of conversion of 
electron beam energy into useful light, 

2. Elimination of ion spot, thus making 
unnecessary other generally less direct 
means, 

3. Improved contrast, 

4. Elimination of secondary emission 


restrictions, thus permitting the use of 
high voltages and screen materials with 
poor secondary emission. 

Conditions at the luminescent screen in 
a conventional kinescope are shown sche 
matically in Fig. 1. The region in the 
circle is a greatly magnified and some- 
what distorted diagram of a small section 
of the tube face of which one element is 
fluorescing. Generally. at least 50 per- 
cent of the light generated in the screen 
is emitted towards the electron gun in the 
tube. Another 15 to 25 percent is lost by 
total internal reflection in the glass of the 
tube face. Thus only about 25 to 35 per- 
cent of the total light generated is emitted 
in the forward direction to constitute the 
useful light output of the tube. Also, some 
of the wasted light is harmful because it is 
scattered back onto the screen and sets a 
limit on possible contrast in the picture. 
Some of the totally reflected trapped light 
in the glass is reflected back onto the screen 
and is scattered causing halation. 

In contrast, Fig. 2 shows a tube that 
has a screen covered with an electron- 


pervious, but light-reflecting metallic laver. 
Light that previously went towards the rear 
electron gun) now is reflected forward 
into the direction of viewing. Thus with- 
out an increase of light generated, the ef- 
ficiency of conversion of electron beam 
power; into useful light is increased. Experi- 
ments show that the large area contrast is 
improved by a factor of three to ten times; 
the detail contrast, which is primarily 
limited by halation, is only slightly im- 
pro\ ed. 

For best results, the light-reflecting 
metallic layer should be: (1) Thin enough 
and of the right kind of metal to cause 
negligible absorption of the electron beam 
at the desired operating voltages; (2) 
opaque, relatively smooth, and highly light- 
reflecting to act as a mirror; (3) sufficiently 
conductive to conduct the full beam cur- 
rent; (4) strong enough to withstand the 
stresses caused by the focussed electron 
beam; (5) durable enough to withstand the 
necessary processing of the tube; and (6) 
of a metal that will not chemically react 
with the luminescent screen matcrial. 
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A New Approach in Designing 
High-Capacity Aircraft Brakes 


BYRON H. SHINN 


Firestone Aircraft Company 


Copper, its properties and suitability, versus ferrous metals, their properties 
and general characteristics when used as the friction surfaces of brakes. Sev- 


plain why rated capacities, weights and sizes do not all increase proportionally. 








DESTRUCTIVE TEMPERATURES at 
the rubbing surfaces between the metallic 
and nonmetallic materials in brakes are uni- 
versally recognized as the cause of wear, 
fade and short life. They are often the 
cause of the distortion of brake parts, of 
the leakage of rubber seals and fittings and 
of tire and tube deterioration. Brake im 
provements over the past twenty years, in- 
sofar as the thermodynamics of brakes are 
concerned, have been largely toward de- 
veloping materials better able to function 
at high temperatures. 

When the operating temperature on the 
surface of asbestos-base brake lining ex 
ceeds that at which the bonding agents 
begin to break down, the polished friction 
surface of the lining begins to disintegrate, 
the coefficient of friction drops radically 
and the condition generally known as 
“fade” is produced. Linings have been 
compounded with selected abrasives as a 
remedial measure for fade. When excessive 
temperatures cause destruction of the sta 











































































































bilized, polished friction surface, the em 
bedded abrasives are exposed and tend to 
maintain friction and reduce fade. This 
effects safe braking at high temperatures 
but at the expense of proportionally greater 
rates of wear on the brake drum. 

Neither can the mating brake drums 
afford to wear too rapidly. Brake drums 
have been improved in several ways. To 
mention a few, the nickel-chromium-molyb 
denum alloys brought about an improved 
grain structure, chrome plating supplied 
i hard finish as the rubbing surface, and 
the centrifugal process of fabrication com 
bined a brake ring of the strength and 
toughness of steel with a rubbing surface 
of the heat-resistant and wear-resistant 
properties of alloyed cast iron. 

From a review of the progress of im- 
provements in linings and drums, it is ap 
parent the development of an improvement 
in one member of the rubbing pair caused 
the need for an improvement in the other. 
As the composition of the lining became 













eral sizes of the same brake are compared by rated capacities in foot pounds of 
kinetic energy per pound of brake and wheel assembly; reasons are given to ex- 


harder, con-currently the density and hard- 
ness of the drum member of the braking 
pair had correspondingly to be increased. 
In contrast, the design and development 
of the Firestone aircraft brake are based 
upon quite different concepts. First of all, 
since the prime purpose of a brake is to 
convert kinetic energy into heat and dis- 
sipate the heat, good thermal conductivity 
for the heat path was considered a matter 
of first importance. To design the drum 
member so that high temperatures of 
operation will cause the lining to disinte- 
grate first is not enough; the metallic mem- 
ber must be designed to conduct the heat 
away from the rubbing surfaces at such a 
rate that neither the lining nor the drum 
metal will be damaged by temperature. 
Brake linings are available that have ex 
ceptional wearing qualities up to temp 
eratures of 900 deg. F. A temperature of 
the rubbing surfaces of 900 deg. F. at 
rated established 
as the maximum temperature for the de- 


capacity therefore was 
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Fig. |—The temperature gradient of copper is less steep than that of cast iron. Iron offers relatively much greater 
resistance to the travel of heat through it. Fig. 2—Cracks develop in ferrous metal surfaces after sudden heating of 
the surface layer to 2,000 deg. F. and subsequent cooling. 
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Magnesium wheel assy weight 
(less spacers) 
Brake assy weight 
Magnesium wheel and brake 
assy weight 
Static load 
Radial test load 
Side test load 
Burst test tire pressure 
Inflation pressure 
Friction surface 
Hydraulic area 
Hydraulic displacement at 
VYs2 clearance 
Normal operating pressure at 
10 ft. per sec. per sec. deceleratior 
Maximum hydraulic displacement 


140 |b. per sq. in 
35 |b. per sq.in 
23.37 $q.in 
6.676 sa.in 


0.21 cu. in 


213 |b. per sq.in 
0.63 cu.in 
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Fig. 3—Diagram of general brake proportions and data on the 125,000 


sign calculations of the new Firestone air 
craft brake. 

Copper and aluminum have flat temp 
erature gradients, which make them better 
suited than the ferrous metals for high 
rates of heat conductivity. Fig. 1 shows 
the manner in which the temperature 
gradient of copper compares with that of 
iron. Furthermore, the heat storage ca- 
pacities of aluminum and copper are much 
greater than the heat capacity of iron, 
iluminum being particularly advantageous 
because of its weight. These characteristics 
are most accurately expressed in terms of 
specific heat, thermal conductivity or the 
more inclusive term of thermal diffusivity. 
lo illustrate conductivity, the quantity of 
heat transmitted per sec. through a one- 
inch cube of copper when the tempera- 
ture difference between two faces of the 
cube is one-degree F. is 0.0051 B.t.u. at 
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212 deg. F. For iron, which varies some 
what with the composition, the quantity 
of heat transmitted is 0.0006 B.t.u. at the 
same temperature, or roughly one-eighth 
as fast. Under the same set of conditions 
the heat transfer through aluminum (No. 
355 alloy) is about four times greater 
than that through iron. A special lining 
compound was developed that would run 
successfully against copper faces; aluminum 
was used to back up the copper in order 
to take advantage of its desirable thermal 
properties and its light weight. 

The variance in the temperature gradi 
ent for iron (See National Research Coun 
cil Report “Heat Generation and Transfer 
in Aircraft Brakes” by S. A. Guerrieri) 
as shown in Fig. 1, and the usual graph of 
temperature data obtained by thermo 
couples embedded in a ferrous-metal drum 
is natural and readily explained. In the 
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ft.-lb. kinetic-energy capacity brake. 


first place, to embed the thermocouple 
screens it from the hottest area, the rubbing 
surface. A great drop in temperature occurs 
in iron between the rubbing surface and 
the position of the thermocouple even 
though the screening metal be only 0.010 
or 0.015 in. thick. Frequently thermo 
couples are removed from the surface by 
as much as 1/16 in. or more. 

In the second place, the thermocouple 
averages the temperature extremes over 
its length. Thermocouple junctions gen- 
erally are 1/32 in. and longer in length. 
As the result, embedded thermocouples 
seldom register temperatures as near as 
1/32 in. to the rubbing surface. Nor can 
data from thermocouples embedded in fer 
rous metals be extrapolated to serve as a 
reliable index to surface temperatures. 

Examination, under a microscope, of 
specimens of cast iron brake drums have 
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disk — is made of high thermal 
conadictivity coppér alloy 


Fig. 4—Cut-away view, with notes explaining the function of the parts. 


revealed much about the temperatures to 
which the metal was subjected during 
braking applications. Fig. 2 is a diagram 
showing the results of such a study, which 
supports the theory, quite generally ac- 
cepted, that surface cracks are caused by 
great differences in temperature in dif- 
ferent strata of the iron because of its 
relatively low conductivity. At surface 
temperatures of 2,000 deg. F. and more, 
the condition becomes critical. The skin 
stratum expands more than the expansion 


of the colder strata underneath the skin. 
The compression developed in the skin 
stratum is great enough to cause it to 
forge and upset. High spots formed by 
buckling are ground away by the brake 
lining. Upon cooling to equilbrium temp- 
erature, the skin stratum, which cools from 
a higher temperature, contracts more than 
the strata underneath, causing cracks to 
open in the surface. 

Copper does not crack like cast iron 
because the temperature drop with dis- 





tance from the hottest layer is more grad- 
ual, see Fig. 1. Stresses set up between 
layers are not of magnitudes to cause 
rupture of the material. Copper is ductile 
too. Still another advantage of the flat 
temperature gradient should not be over- 
looked: The low resistance to heat travel 
causes not only a temperature much lower 
at the rubbing surface but also a higher 
temperature on the radiating surface re- 
sults in a better over-all rate of heat dis- 
sipation from the brake. The good heat 
storage capacity of the aluminum and cop- 
per levels off peak temperatures as the con- 
sequence of sudden brake applications. 


Functional Design 


Structurally the new brake is simple, 
being classified as a conventional, single- 
disk brake. See Figs. 3 and 4. A mag 
nesium casting, containing the hydraulic 
annular piston unit acts as the base for 
all the major parts of the brake. It is 
anchored to the airplane torque flange. 
Two copper faced aluminum stator disks 
are mounted within the brake. One of the 
stator disks is mounted by means of lugs 
in the center of the brake so that it can 
move laterally but cannot rotate with re- 
spect to the casting. 

Between the stator disks is sandwiched 
a disk of molded brake lining. Lugs on 
the outer circumference engage notches in 
the wheel rim causing the brake lining to 
rotate with the wheel. When hydraulic 
pressure is applied, the rotating brake lin- 
ing is squeezed between the copper stator 
disks to develop frictional brake torque. 

Upon release of the hydraulic pressure, 
release springs, which are built into the 
assembly, force the stator disks apart. A 
running clearance between 1/64 and 1/32 
in. is provided between the stators and 
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Fig. 5—Comparison of 5 different sizes of brakes on a basis of kinetic energy capacity per pound. Weight includes 
wheel. Fig. 6—Typical curve showing rapid rise in temperature before wheel is stopped. Temperatures are thermo- 
couple readings in copper friction disk approximately 0.050 in. from rubbed surface. 
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lining disk so that in the released position 
the brake lining disk rotates freely without 
drag. 

The brake lining has about 15 percent 
graphite. It contains no abrasive materials. 
Linings with harsh abrasive ingredients are 
not acceptable or necessary for braking 
action against copper since they cause rapid 
wear of the metal. 

Aluminum alloy, rather than copper, is 
the structural metal of the stator disks. 
It has good thermal properties approach- 
ing those of copper and its use effects a re- 
duction in weight of the part. The copper 
facing is held onto the aluminum with 
copper rivets. A brazing effect develops 
between the copper and aluminum under 
braking applications further to bond the 
materials together and to facilitate the 
transfer of heat from the copper to the 
aluminum. 


Brake Sizes 


The new Firestone Brake design is avail- 
able in sizes to absorb 100,000; 125,000; 
225,000; 300,000; 450,000; 1,750,000 and 
2,500,000 ft. Ib. of kinetic energy at rated 
capacity. A postwar design, which has a 
rated capacity of 5,120,000 ft. lb., is a 
popular size for large transport aircraft. 
Other sizes have been designed and are 
under test. 

Several of the new Firestone brakes are 
compared in Fig. 5 at rated capacity on 
1 basis of kinetic energy per pound of 
wheel and brake assembly. The kinetic 
energy per sq. in. of rubbed surface is 
included in the event that comparative 
studies are desired with other brakes. Since 
weight is of major importance in brake de- 
signs for aircraft, the author feels that 
kinetic energy per pound is the more sig- 
nificant basis of comparison. 

Studies or comparisons of all types of 
airplane wheel brakes will reveal that there 
ire variations in the weight of wheel 
structure that is useful in braking and 
contingent upon the adaption of the brake 
to the wheel. In one design, wheel mass 
is included more generally as a heat stor- 
ige reservoir. In another the wheel weighs 
more in proportion because of steel splines 
ind other drive and attachment fittings 
that hold the brake together. To avoid 
damaging temperatures to the tire at the 
bead seat of the wheel, added mass for 
heat storage is provided in the new brake 
proper rather than in the wheel. Although 
the wheel mass is designed for less heat 
torage, the combined wheel and brake 
have a favorable over-all weight. 


Qualifying Tests 


Test procedure in conformity with re- 
quirements of the Civil Aeronautics Au- 
thority and the Army Air Forces is followed 
in testing aircraft brakes. This is done to 
develop a brake to pass specifications. A 
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Fig. 7—Torque-time graph for stop No. 108. Variation in torque is less than 
5 percent for a range of temperature from 200 to 900 deg. F. at the friction 
surfaces. (Reproduction of Recorder Chart.) 





Table I—Typical Data from a 100-Stop Test of an Airplane Brake 




















Percent | Stopping Line Cooling Temperature, deg. F. 
Stop |ofrated| time, | pressure, | Torque,| time, - 
No. kinetic sec. Ib. per | in.-lb. min. Inside disk Seal back 
energy sq. in. Max. Min. | Max. Min. 
4 60 9.5 135 6,890 15 510 145 180 
5 80 10.8 135 7,148 17 495 170 164 
9 80 10 5 136 6,890 13 500 195 205 165 
10 100 12.0 135 6,890 11 600 195 230 165 
11 100 12.3 135 6,635 14 595 160 230 140 
30 100 11.0 200 6,890 12 595 200 230 137 
53 100 110 200 7,400 17 895 212 216 156 
75 100 11.4 200 6,890 15 750 220 221 155 
76 100 i;.3 200 6,890 15 780 220 219 154 
108 100 122 200 5,355 14 800 240 256 200 
109 100 120 200 5,355 13 605 235 256 200 
110 100 12.1 200 5,355 13 675 237 256 200 























Firestone-design, Adamson-type brake-test- 
ing machine is used. The wheel is landed 
upon a rotating drum and then brought to 
a stop with the brake. A hundred such 
stops at 100 percent of rated capacity, 
preceded by several stops at fractions of 
capacity, are the essence of the qualifying 
test. 

Sample data from a typical test are 
given in Table I. These data were taken 
from the test of an 8-1/2 x 6 in. brake of 
450,000 ft.Ib. rated capacity. ‘Tempera- 
tures were measured at the back of the 
copper friction surface on both stator disks, 
at the back of the rubber hydraulic seal 
and at the tire bead seat on the wheel. A 
typical temperature curve is shown by Fig. 
6, which reveals that a drop in temperature 
of 110 deg. occurred while the brake was 
still operating under full torque. An aver- 
age peak temperature, 0.050 in. behind the 
rubbing surfaces, of 700 deg. F. was re- 
corded, the maximum being 970 deg. F. 
Maximum hydraulic seal-back and_bead- 
seat temperatures were 224 and 128 deg. 
F., respectively. Fifteen minute cooling 
periods were used. 

Torque during stops was recorded at 
constant line pressure, and through a total 
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temperature range of 200 to 900 deg. F. 
Fig. 7 is a typical torque curve, which 
shows a total variation of about 5 percent, 
the curve dropping slightly during the 
middle of the stop and then building up 
toward the end. Normally a variation of 
15 percent is considered reasonable when 
torque drops as the consequence of lining 
fade. 

Wear at the end of the test averaged 
0.012 in. for each brake lining face and 
0.004 in. for each copper face. Though 
the copper rubbing surface at the com- 
pletion of the test looked scored, the 
surfaces were in good condition and would 
safely absorb many additional stops without 
adjustment or replacement. The 100 per- 
cent capacity stop test is devised as a 
reasonable life test without replacement of 
brake lining. In ordinary service, the 
normal stops are far below this 100 percent 
of rated capacity of the brake. 

In conclusion, it seems that in this new 
combination of materials, a brake design 
is made available that offers velvet smooth 
high torque, rim temperatures that are 
kind to tires, high over-all heat dissipation, 
and exceptionally low wear resulting in 
long life at very favorable weights. 
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Planning and Scheduling System 
For Development Projects 


HASKELL R. COLLINS 


Staff Planning Assistant, Carrier Cooporation 


Proper planning and scheduling reduces the time required to bring new 
items to the consumer market and cuts down costly waste. This is shown 


in the development of a typical project from inception to production. 


Each transition is discussed and recommended progress forms included. 


PROJECT PLANNING has distinct ad 
vantages. The design or development en 
gineer is able to continue his work with 
out delays incurred by lack of technical 
services and without interruptions caused 
by routine administrative matters. The 
“planners” aid consists of scheduling and 
following-up the execution of approved 
schedules for such services as: Preparing 
materials specifications; providing testing 
laboratory facilities; fabricating models 
for development projects; providing draft 
ing and other sub-professional services; 
and costing. 

Management benefits by project plan 
ning in that the status of projects is 
known at all times. This enables the 
“Principle of Exception” to be more 
efficiently applied. This principle recog- 
nizes that executive ability can be util 
ized fully only when the executive is 
relieved of all matters that can be re 
duced to a routine. Standards of per 
formance must be set up and all plans 
definitely laid. The executive can then 
devote his attention only to variations 
from the standard, to master planning, 
and to those responsibilities that cannot 
be made matters of routine. 

Tooling and material procurement can 
be accomplished on a predetermined basis 
through the use of project planning. This 
is an advantage to the manufacturing de- 
partment and prevents unnecessary and 
costly delays. 

The planning expert must “live” with 
the organization and learn its intimate 
working relationships. To be fully effec- 
tive, he must be directly responsible to 
a level of management having jurisdiction 
over the entire field of activity. The plan- 
ning expert should be held accountable 
for seeing that the desired objectives are 
realized and should be authorized to take 
whatever steps are necessary to attain 
this end. His function should not be 
established merely on an advisory basis. 
This impairs his value and effectiveness. 
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The object of development cnugincering 
is to keep each product line designed to 
meet changes in market demands and to 
offer competitive appeal based on_ per 
formance, reliability, and cost. This re- 
quires that development costs be accu 
rately known at all times. The time 
required for development should be sched 
uled since the introduction of a product to 
the market must often be accurately timed. 
Proper planning and scheduling of develop 
ment projects brings these factors together 
efficiently. 

Progress measurement 1s important. 
Valid progress is measured only against 
established progress goals. Basic to mak 
ing progress are: A carefully prepared plan; 
a progressive schedule; a progress reporting 
system; a balance sheet of success or fail 
ure; and a record of major deficiencies that 
is brought to the attention of management 
in ample time to allow for corrective 
action 


Project Planning and Scheduling 


In development, a new product passes 
through certain general stages. In many 
development projects it is possible to omit 
some steps, but this should be done spar- 
ingly and with care. 

Each of the project stages has many in- 
dividual steps that must be scheduled in 
coordination with other dependent tasks. 
Estimates of time, manhours, and cost for 
each of these elements are not arbitrarily 
imposed upon the personnel who do the 
work, but are set up in collaboration with 
all other personnel who are interested in 
the success of the project. The primary 
function is not to impose a penalty for 
failure to meet approved schedules, but 
to: (1) Enable a coordinated schedule to 
be set up so that the services required by 
the development engineer will be avail- 
able at the time needed and in sufficient 
quantity, (2) furnish a goal, and (3) pro- 
vide facilities for adjusting any lack of 


personnel or materials. By maintaming a 
comparison of actual and estimated sched 
ules, standards of time, man-hours, and 
costs of similar developments can be ob 
tained. This permits more accurate sched 
uling. It is sometimes difficult to estab 
lish a schedule for a project in the early 
stages of its development, but the problem 
always becomes progressively simpler as 
the design approaches the production 
stage. 

The chart in Fig. 1 shows the general 
stages of a development project. 


Stage 1—Pre-Project Investigations 

Before beginning the project, a thorough 
analysis of all factors that affect the prob 
lem should be made. Information can b« 
obtained by a search of technical, profes 
sional and trade literature, and patents re 
lating to the subject. The results of this 
search may produce: (1) The sglution of 
the problem as regards data, instrumenta 
tion, or method of attack; (2) a disclosure 
that something similar was undertaken 
before but was unsuccessful commercially, 
perhaps because technology had not ad 
vanced sufficiently at that time; (3) evi 
dence that expired patents make it pos 
sible to do something now that had been 
prohibited previously; (4) information 
concerning new theories, materials 1 
processes that can be advantageousl; 
applied. 


SIMPLIFICATION. A_ thorough analysis 
should be made of what product or prod 
ucts will be replaced by the new item. 
This will prevent the firm from becoming 
loaded with obsolete, slow-moving, and 
non-profit items. A good general principle 
to adhere to is that for each new product 
going into the line, one or more old items 
shall be removed. The decision for main 
taining the old item should be governed 
by the “pre-project investigation” con 
ducted by the development department. It 
should not be the responsibility of the 
sales department, since it is contrary to 
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CARRIER CORPORATION 


ENGINEERING DIVISION 


PROJECT PROPOSAL 


PII OO 5S 55 eh eas chee VR ae BF UE INS Le es 


SUBJECT: (Proposed Project Title) 
A. PURPOSE 


1. (A STATEMENT OF THE PURPOSE OF THE PROPOSAL — TO PROPOSE A CERTAIN PROJECT OR OUTLINE 
THE METHOD OF APPROACH FOR COMPLIANCE WITH A DIRECTIVE FROM HIGHER AUTHORITY.) 


B. FACTUAL DATA (PARAGRAPHS NEED NOT BE IN ORDER LISTED) 


NECESSITY 


DESCRIPTION 


\ (EITHER OR BOTH MAY BE USED AS DESIRED.) 
DISCUSSION | 


ev fF} wo BY 


MARKET DATA 

A. NO. UNITS EXPECTED TO SELL PER YEAR 

B. APPROXIMATE SELLING COST EACH UNIT 

C. INTERVAL OF TIME REQUIRED TO AMORTIZE DEVELOPMENT COSTS 
D. OTHER PERTINENT DATA 

6. PROCEDURE 

A. OUTLINE OF WORK TO BE DONE 

B. ESTIMATED COSTS 


(1) OUTSIDE PURCHASES OR SERVICES $00,000.00 
DESCRIPTION OF MATERIALS OR CONSULTATION SERVICES TO BE PURCHASED 

(2) CARRIER MATERIALS $00,000.00 
DESCRIPTION OF MATERIALS OR LABOR TO BE FURNISHED BY CARRIER 
(OTHER THAN BY THE ENGINEERING DIVISION) 

(3) OTHER EXPENSES $00,000.00 
TRAVEL, PATENTS ETC. (LIST) 

(4) LABOR (ENG. DIV.) $00,000.00 

TOTAL $00,000.00 


. PRIORITY 


(1) PRIORITY 1 — EMERGENCY (MUST BE ACCOMPLISHED IMMEDIATELY) 


(A) PRIORITY 1A—THIS PRIORITY WILL BE ASSIGNED IN ONLY THE MOST EXTRAORDINARY CASES, 
SUCH AS WHEN THE LACK OF ACTION WILL STOP PRODUCTION. 


(B) PRIORITY 1B —ASSIGNED TO THOSE PROJECTS WHICH ARE ESSENTIAL TO THE SUCCESS OF 
PENDING PRODUCTION. 


(C) PRIORITY 1C — ASSIGNED TO THOSE PROJECTS WHICH ARE ESSENTIAL TO THE SUCCESS OF 
FUTURE PRODUCTION. ‘ 


(2) PRIORITY 2— URGENT (ARE TO BE ACCOMPLISHED AS SOON AS POSSIBLE) 


{A) PRIORITY 2A—ASSIGNED TO THOSE PROJECTS WHICH WILL PARTICULARLY BENEFIT CURRENT 
PRODUCTION. 


(B) PRIORITY 2B — ASSIGNED TO THOSE PROJECTS WHICH WILL PARTICULARLY BENEFIT PENDING 
PRODUCTION, 


(C) PRIORITY 2C—ASSIGNED TO THOSE PROJECTS WHICH WILL PARTICULARLY BENEFIT FUTURE 
PRODUCTION. 


(3) PRIORITY 3 — ROUTINE (DESIRABLE TO HAVE ACCOMPLISHED AS SOON AS PRACTICAL) 
(A). PRIORITY 3A ~ ASSIGNED TO THOSE PROJECTS WHICH WILL ASSIST CURRENT PRODUCTION, 
{B) PRIORITY 38 — ASSIGNED TO THOSE PROJECTS WHICH WILL ASSIST PENDING PRODUCTION. 
(C) PRIORITY 3C — ASSIGNED TO THOSE PROJECTS WHICH WILL ASSIST FUTURE PRODUCTION. 


- 


7. PREPARED BY 


8. APPROVED BY 


ee ee ee ee ce a ar ey 


FIG. 2 


NEW PRODUCTS COMMITTEE 














their general philosophy of adding to 
rather than reducing the line. 


INSTALLATION, MAINTENANCE AND REPAIR. 
The pre-project investigations should 
include proper consideration of factors 
affecting the simplicity and expense of 
installation, maintenance and repair. 


STANDARDIZATION AND INTERCHANGEABIL- 
iry oF Parts. Standardization and 
interchangeability of parts should be con- 
sidered on the basis of reduction of the cost 
of product development and manufacture. 
It is wasteful to have the same parts of 
similar products differ dimensionally by 
unjustified amounts. Dimensions should 
be such that standard small tools, drills, 
reamers and dies can be used. 

Many products must conform to stand- 
ards with respect to design, material, per- 
formance, or rating. These standards are 
established by governmental, industrial or 
technical groups. In planning develop 
ment projects, consideration should be 
given these to prevent a product being 
outlawed on this basis. 

Manufacturing and marketing elements 
that affect the competitive position and 
cost of a product should be investigated. 
These are: (1) The potential market in 
terms of volume, price, and competition; 
(2) the profit potential in view of the 
market and other competitive situations; 
(3) the relationship between costs of de 
velopment and manufacture and the re 
turns to be derived therefrom; (4) the 
utilization of existing manufacturing and 
distributing facilities; (5) the possible ef- 
fect of the product upon other products 
in the line offered by the company; (6) 
the possibility of patent control as protec- 
tion against competition. 


Proyecr CommiTtTErE. To utilize all 
available experience and information in 
planning, a project committee should be 
formed. This committee is composed of 
all persons known to have particular experi 
ence or information concerning the matter 
it hand. 2 

The pre-project investigation is abso 
lutely necessary. The time and effort spent 
will contribute to the intelligence and 
despatch with which work is done. It 
will assure a much better job with consid 
erably less expenditure of effort and money, 
than would otherwise result in the absen: 
of any comprehensive pre-project invest 
gations. 


a) 


Proyecr PRopoOsAL AND SCHEDULE. A 
Project Proposal, as shown in Fig. 2, c 

tains the results of the foregoing invest 
gations. A Project Schedule, as shown i1 
Fig. 3, indicates the estimated number an 


Fig. 2—Project proposal sheet of 
the type used by the Carrier Cor- 
poration. 
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cost of man-hours, as well as estimated 
cost of necessary materials. These forms, 
submitted to the engineering head and the 
New Products Committee, constitute the 
basis for initial approval or disapproval of 
the project. 


Stage 2—Preparation of Preliminary Data 
A. Specifications—The determination of 

the possible uses and an outline of the 

requirements for the equipment. 

B. Layout—The preliminary study and 
layout necessary to bring out mechanical, 
technical, and manufacturing problems. 

C. Consultation with Manufacturing 
and Sales—The discussions on specifica- 
tions and general design as regards ease of 
manufacturing, tooling costs, aesthetic vari- 
ations, and similar problems. 

D. Cost Studv—A brief study of gen- 
eral design to determine the probable cost 
and volume of sales. 

E. Report and Review—A prepared out- 
line of the findings to date with definite 
recommendations upon which future pos- 
sibilities of the project can be reasonably 
predicted. This report should be reviewed 
and approved by the engineering head be- 
fore further work is resumed. 


Stage 3—Models and Components 

A. Layout—The preparation of scale 
layouts of designs. 

B. Fabrication—The construction of an 
experimental model and components for 
testing. Cost studies should be made dur- 
ing this step and cost comparisons made 
of all phases of design. Consultations on 
metallurgical, chemical, lubrication, struc- 
tural, electrical and fatigue problems 
should be included. 

C. Performance Tests—Determination 
of performance should be made of each 
component separately, if possible, and 
then all elements together. Alternate de- 
signs should be tested or observed for 
comparison purposes. 

D. Design Revisions — Any design 
changes that became apparent during the 
previous stages should be made at this 
point. 

E. Cost Analysis—The cost estimate 
should include all alternate designs and 
components to determine those having the 
lowest costs commensurate with reliability 
ind performance. 

F. Field Review—Personnel of manu 
facturing, engineering, sales, and field de- 
partments should review the experimental 
model from the standpoint of performance 
ind sales appeal. 


Stage 4—Production Design 

A. Layout—The design of a production 
model using all available information to 
letermine the best method of manufac- 
ure, form, and size. Only one size should 
be detailed but plans should be made 
‘or multiplying parts and dimensions. 

B. Fabrication—The fabrication of a 
imple production model simulating as 


far as possible form, size, material, and 
finish according to the production design. 

C. Performance Tests—The testing and 
observation of the sample unit and the 
making of any necessary changes to im- 
prove its cperational characteristics and 
appearance. 

D. Field Tests—The construction of a 
number of units for field observation and 
the placing of these where study of per- 
formance and customer approval may be 
obtained. 

E. Field Review and Report—The re- 
view of the product by the New Products 
Committee, and manufacturing, field, and 
sales personnel as to performance and sales 
appeal. All aspects of this phase of the 
product should be considered at this time 
and all pertinent data concerning same 
recorded. The results of this review and the 
data obtained from the field and labora 


tory tests are reviewed by the engineering 
head prior to granting final approval or 
disapproval for production. 


Stage 5—F inal Design Review and Release 
A. Minor Design Revisions — Minor 

changes in design or appearance that 

should be made on the final drawings. 

B. Material Specification—The _prepa- 
ration of specifications of materials that 
will be used in the manufacture of the 
product. 

C. Final Drawing Check—The review 
and detail checking of all drawings prior 
to release for manufacture. 

D. Release for Production—The prepa- 
ration of bills of material, and delivery 
of drawings to manufacturing. 

E. Release of Engineering Data—The 
preparation of rating and_ performance 
tables for engineering and sales depart- 





























































































































































































































Prepared by R. Burns PROJECT PROPOSAL 
hp ESTIMATED SCHEDULE Project No. 0747-544 
R. WK Melaughlin Date 12-145 
Function Date | Design | Drahing Testing | Shop Pll Mat'ls Total 
Wk. of | Hours | Hours _ Hours “Hours | Hours | Cost “| Hours | Cost 
Pre-project invest.__| 12-8-45 i a ae 
Bist ier >| 40 | 20 sinc ee, = 
Rae at ae ee a: ae: ee a Ss RS Sec 
if te ae @ a ia ae 
POR OES | 1-7-46! 10 10 | : es 
aa eres | 14 | 10 | 10 | >. 
eee Tk 10 | es | t a@e 
‘Sub fora! | T1730 
Preliminary data | 28 | 20 
ee See 
Serer ae. = 
See a Aa 
Das S| aa 
Sea 4 25 
es u __30_ 
________ Sub fofa/ — 185 
Model cormponerts | 18 | 20 - 
_ 72, 20 
4-|__| 20 
ee SS 35 
———w Sc 20 
ae es _20 
Saas es wa | 
ane ae 20_ 
Ter ee 20 
__ Sub fofa/ | _| 205 
luch gn | 20 | 10 
oe es 10 
6-3 10 
ne ee 10 10 
a 17 it 10 
ae Cr) 10 
LSS seers 7-1 |__20 
= 50 
aes a ae 20 
____ Sub fore | 130 
inal design review | 22 20 
and release 29 : 2B 
8- __10 
| ee) 2 Se Ses ee 
ee oc a +—Vacation period — — 
A we a TD [ a A ee hi cE 
UNONRE e ke i sae lleconealicaanaitacauediaamtiaa 
__ Sub total | 10 | 70 [ [hae a 6s 240 | 1,080.00 
______ Grand’ total | 760 | 685 155 280 | 120 "4,500 | 2,000 [13500,00 
Remarks (1) Cost engineer 
(2) Materials laboratory 
(3) Bil/ of materials group 








Fig. 3—Estimated schedule for a centrifugal air and gas compressor project. 
The estimated weekly man-hours are to be supplied by each functional group 
so that the scheduled hours will not exceed the available hours. 
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ments, based on test information obtained 
during the entire project. Necessary appli 
cations for patents should be made at this 
time. 


Project Records and Control Charts 


Simplification, standardization, and con 
trol must be exercised in the design, com 
pilation, and analysis of project records. 
Central maintenance of project records is 
essential for the unification of data and 
to keep the analysis, synthesis, and control 
of information in proper balance. Where 
centralization is lacking, partial and in 
complete records result. A haphazard 
method of maintaining records is costly; 
first, it wastes money to duplicate the com 
pilation of the same information in slightly 
different forms in one or more places; and 
second, making necessarily quick and im 
portant decisions without complete and 
iccurate factual data can be disastrous 


Project Proposal AND ESTIMATED 


SCHEDULE. Prior to any new development 


work, whether the redesign of an existing 


item Or an entirely new product, the ap 
proval of management must first be ob 
tained. ‘This is to make certain that the 
necessary assistance, time, funds and pn 
ority will be available if the proposed 
development warrants. 

The Project Proposal sheet as shown in 
Fig. 2 and Estimated Schedule as shown 
in Fig. 3, have been designed for this 
The Estimated Schedule, which 
is used to gain approval for proceeding 


purpose. 


through the pre-project investigation stage, 
can be presented in two ways: first, by esti 
mating the total number of man-hours and 
funds required weekly to comp'ete the 
project, and second, by estimating only 


the required number of man-hours and 


funds required weekly to accomplish thc 
first 
management to critically evaluate the pro 


stage. ‘The Project Proposal allows 
posed work before further time and mone 
ire expended. The Project Proposal should 
be an unbiased and detailed report of all 
known factors that can affect the profitabk 
marketing of the product. 

K’stimating the man-hours and cost. 1 


quirements will appear, at first, to be 





dificult. However, if the 
to arrive at the objective are followed and 


estimated minimum and maximum man 


steps necessary 


hour and cost requirements for each are 
noted, an arbitrary figure between these 
two extremes can be chosen to 
the “unexpected.” As for 
performance, the work continuity is known 
and by consulting departmental work load 
charts, information regarding their antici 
pated work load status can be obtained. 
\fanagement make the 
decisions if requests for man-hours exceed 


illow for 


f 


date of work 


must final time 


those available. This can be done when 
ipproving the Project Proposal and Esti 
mated Schedule 

\dditional 


utilized in planning and scheduling. Per 


charts, if needed, can be 


an be de 
termined from work load charts and project 


sonnel and cost requirements 


record cards designed to enable manage 
ment to detect and investigate unsatisfac 
tory conditions. Progress charts can be 
prepared that show the functional groups 
responsible for work performance and the 
period required for each portion of the 


project 





PRODUCT 
morming of October 3. 


Propucr ENGINEERING advertising 


mmception. 


Steel. 


Publishing 


FRED S. WEATHERBY 


Fred S. Weatherby, 69, New. England manager for 
ENGINEERING and AMERICAN MaAacuinist, died 
suddenly of a heart attack in New York City early 
He had been 


Mr. Weatherby became at 18 the advertising manager of 
J. A. Fay & Egan Company, Cincinnati. Three years later 
he represented the St. Louis Lumberman and The Age of 
A year later he became connected with the 
Publishing Company, later consolidated with the McGraw 
Company to form the present McGraw-Hill 


in the 
a member of the 
les staff since its 


Hill 








organization. In his first year, he pioneered the selling of 
full-page and double-page space so successfully that he was 
transferred to New England, with headquarters in Boston 

In the years between Fred Weatherby has become a 
legend. He early established, and since had maintained, the 
highest space-selling record in McGraw-Hill, and has been 
personally - responsible for the nationwide 
obtained by many New England companies through his 
continuing wise counsel in their advertising policies. He 
was known for his straightforward approach and sold adver 
tising strictly on the basis of the merits of the two maga 
zines he represented. He did not rely on entertaining or 
gifts to sell his product for him. 


acceptance 


In intensive territorial coverage, he established a record 
that has never been equalled, rolling up 25,000 miles a 
vear regardless of weather or economic conditions, main 
taining his seasoned counsel to clients and setting a stimu 
lating example to his associates. 

Mr. Weatherby’s hobbies centered around his work, 





with travel his major pleasure during vacations. He was an 
expert on bridge, detective stories, movies and New England 
food, a genial host and a firm friend. 

He is survived by his wife, the former May Leaming, and 
three children, Allen L., owner of a Los Angeles bookselling 
house, Mrs. Charles (Evelyn) Vallender of Wellesley, 
Mass., and Philip Grandin, who is now in the New 
England territory where he represents Propuct ENGINEER 
ING and AMERICAN MACHINIST. 
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RESEARCH—STANDARDS—PATENTS 


Designing a Plant Around a Motor 


Management Traditions Broken 


As Westinghouse Redesigns 28,800 Small Motors 


Wen WestincHouse decided two vears 
igo to find out what was wrong with small 
integral motors presently in use throughout 
industry, it had no idea that this survey 
would lead to the establishment of a com 
pletely new factory for small motor produc 
tion. Last month Westinghouse an 
nounced its new line of steel frame “‘Life- 
Line” motors; not only was the announce 
ment of the new motor noteworthy, but 
more important, a completely new prin 
iple in production management had been 
volved. 

The story of the new Westinghouse 
motor starts early in 1944. At that time 
engineering teams from the motor division 
were sent out to interview 28 big users 
of motors in such industries as automotive, 
machine, chemical, and meat packing. Out 
of this survey came a series of specifica- 
tions for the “ideal” motor; freedom from 
vibration, simplicity of design (for easy 
repair and maintenance), ruggedness, im- 
proved bearings and windings (which were 
found to be causes of most motor failures), 
smaller size, lighter weight, and improved 
ippearance. The problem then was to de- 
sign a motor embodying these design 
haracteristics and still keep the price down 
to a competitive level. 

\ special development section was set 
ip in the engineering department to do 
nothing but work on motor design. After 
the first rought ideas for a motor meeting 
with the required specifications began tak- 
ing shape, shop production men were 
alled into consultation. They studied the 
‘paper” motor and suggested changes 
vhich would simplify and make manufac- 


Placing coils in stator preparatory to 
sealing slot cell of “Life-Line" motor. 
Wider slot-cell openings and the 
rounded bottom of slot cell minimizes 
danger of injury to coils and slot- 
cell insulation. The circular frame 
supporting the stator being wound 
enables the operator to easily rotate 
it vertically or to turn it horizontally. 
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turing teclmiques less expensive. Here 1s 
a practical example: Slots in a motor’s 
Stator narrow Openings at 
the top through which the copper wire 
windings must be forced. The shop men 
insisted that if openings were 
widened, the winding job could be speeded 
up. But this would affect the motor’s 
electrical characteristics adversely. Design 
engineers went back to work on this prob 
ae « 
* 
» 
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lem and finally came up with a differently 
shaped slot which embodied a wider open 
ing plus a rounded instead of a square 
bottom. This latter change made the pro 
duction job even easier than the 
had hoped for 

l'o further bridge the gap between qual 
ity and Westinghouse developed 
new production techniques and tools. One 


such machine worthy of was an 


shop men 


cost, 


note 
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automatic welder which would fabricate 
curved-steel-plate frames into one piece 
and weld the feet to the frame at the 
same time. The welder can do the job 
many times more quickly and accurately 
than is possible with manual welding. 

When engineering and manufacturing 
methods were worked out, factory layout 
men were called in to design a manufac- 
turing plant around the embryo motor. 
Production line techniques were devel- 
oped, flow charts for raw materials and 
semi-finished motors were set up. 

At the same time the engineering de- 
partment was still working on the final 
design to be adopted. Twelve models were 
made and discarded before the designers 
got what they wanted. Westinghouse 
management, shown the new motor, the 
specifications for new tools, dyes, jigs 
and fixtures and the layout for the pro- 
duction plant, decided that the motor divi- 
sion’s existing space at East Pittsburgh 
would have to be abandoned and that an 
entirely new plant laid out and _ built 
specifically for the new—and unproved— 
motor would have to be established. This 
was done, and a “dream plant’, was built 
in Buffalo, New York; here an ideal lay- 
out for material distribution and produc- 
tion of integral small motors was estab- 
lished. 

The new motor is more than 35 per- 
cent smaller in size than its predecessor. 
The reduced size has been accomplished 


SPLASH PROOF 





Interchangeability—The basic subassemblies and parts 
for the three different motors now being produced at 
the Buffalo plant of Westinghouse illustrate the inter- 
changeability that has been designed into this motor. 
Stator "A" and Rotor 'B" common to all three models. 
Add end bells "C" and an open-protected motor results 
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without sacrifice of electrical properties. 
Starting torques have been increased as 
must as 134 percent per lb. of motor and 
maximum torques increased as much as 
116 percent per Ib. of motor. High ef- 
ficiencies and power factors are maintained. 

The use of steel has resuited in a 
smaller size. In motors, minimum clear- 
ances must be maintained between wind- 
ings and grounded parts of the frame. 
Since dimensions of formed steel parts 
can be held more accurately than those 
in iron castings, allowances for large varia- 
tion in cast iron do not have to be made. 
This may amount to a saving of 1/4 in. on 
a 10 in. diameter or length. 

Size is also reduced by an improved 
cooling system. Much more air passes 
through this motor than through its 
predecessor, thus permitting the reduction 
in size of the cooling surfaces while ade- 
quately maintaining temperature limits. 

Smooth, quiet operation has been ac- 
complished by proper choice of slot com- 
binations and of winding distribution, 
which have eliminated and reduced dis- 
turbing electrical harmonics. Precision 
manufacturing and quality control give 
concentric air gaps which reduce the dis- 
tortion due to remaining harmonic forces. 
Bracket bearing bores and frame fits are 
machined in one setup on a multiple-head 
machine. Bearing fits are later qualified 
and are checked with a precision air gauge. 
Frame fits are concentrically machined 


OPEN-PROTECTED 
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the left results. 
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relative to the punching bores in a double- 
end lathe. 

Several types of motors are attained 
through extensive interchangeability — of 
parts. This is an asset of interest to the 
users for several reasons. The manufacture 
and conversion of different types is simpli- 
fied. Here is how 28,800 motors of one 
frame size are obtained from a few parts: 





Mechanical Parts For "Y-13"" Motor 





Number of Pieces Per Frame Size 





5 Enclosures 
4 Mounts 
2 Ball Sleeve Bearings 
2 Shaft Lengths 
2 Volts 
3 Frequencies 
3 Phase 
2 Class I & II 
(Starting Torque Types) 
5 Poles . : 
2 Low Loss 


(Types of Insulation & Winding) 





28,800 Combinations per Frame 





An open-protected motor can be male 
wall mounted or ceiling mounted by 
orienting the brackets 90 deg. or 180 deg. 
respectively from the location shown with- 
out sacrifice of protection. The accom- 
panying photograph shows three popular 
types with their component parts. 


FAN-COOLED 
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as shown in top center. Reorient brackets, add hoods 
"D" to open-protected motor and splash proof motor on 
The fan-cooled motor on the right is 
made up of stator "A", rotor "B" with blower ''G" in- 
stead of the small one shown, adapter rings “E-I" and 
"E-2", end bells 'F'', and Hoods H. 
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WASHINGTON NOTES 
Here and There 


With Congressmen mending their po- 
litical fences back home these days, one 
would expect a dearth of Congressional 
activity in Washington. This would seem 
to be even more true because of the re- 
ported cut in administrative activity now 
that the war is over. But such is not the 
case. Washington is still holding its own 
as the political center of the country, and 
there are enough machinations going on to 
keep many a bureaucrat happy for a long 
time to come. 





Atomic Energy—If Congressmen are not 
too busy stumping back home, they ought 
to take time out to see what laws they have 
passed. One statute passed in this last ses- 
sion consolidated farm credit agencies and 
provided that transfer of public lands by 
inv federal departnient shall include “all 
inineral rights.” In the same session, Con- 
gress passed the McMahon bill for domes- 
tic control of atomic energy which provides 
that fissionable materials on federal lands 
cannot be passed into other ownership. 
The United Nations agreements keep these 
minerals out of private ownership. Presi- 
dent ‘Truman, when advised of the discrep 
ancy between the two bills, signed the 
Farm Credit bill anvway; he was sure he 
said, with unparalleled optimism, that 
Capitol Hill would erase its error at the 
first opportunity. 

Prediction of a new time for the peace- 
time use of atomic energy has been ad- 
vanced by a group of American scientists 
and engineers in a report to the United 
Nations Atomic Energy Commission. This 
group concluded that atomic energy could 
be adapted to earlv industrial use through 
building of power plants. It estimated that 
a plant could be built whose operating 
cost, including interest on investment, 
would be 26 percent above one using coal. 
And it indicated a lower rate could be ex- 
pected with technological progress. 

In analyzing costs, the group said its 
findings were contingent on successful so- 
lution of a number of difficult techno- 
logical problems. It estimated that a 
75,000 kilowatt atomic plant could be 
built for about 25 million dollars in 
Eastern United States, against an expendi- 
ture of about ten million dollars for a 
comparable coal power plant. With re- 
search and development, the initial cost 
could be expected to decline. 

Some persons see a snag here. This “re- 
search and development” would involve 
huge sums. But under the Atomic En- 
ergy bill passed bv Congress, onlv the 
Government could hold patent rights to 
these improvements. Incentive for private 
capital to push ahead with research and de- 
velopment is thus limited. 


Curbs on Bureaucracv—The Administrative 
Procedure Act, passed bv Congress after a 
ten year fight for remedial legislation by 
industrial, legal and other groups, became 
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Large Twin-Engine Helicopter Built for Navy 


First twin-engine helicopter, known as the 
Navy’s XHDJ-1, has been built by the Mc- 
Donnell Aircraft Corporation, in collabo- 
ration with the Navy Bureau of Aero- 
nautics. The XHJD-1 takes off and lands 
vertically, hovers motionless, flies forward, 
sideways and backward. 

Two 450 horsepower Pratt and Whitney 
Wasp Jr., engines power the craft’s two 
lifting rotors which are arranged side by 
side. The 40 foot blade rotors turn in 
opposite directions, making a tail or torque 
rotor unnecessary. The span from rotor tip 
to rotor tip is 81 feet. Test flights will 
be made with 46-ft. dia. rotors with an 


overall span increased to 87 feet. 

The use of twin-engines is intended to 
give the XIIJD-1 greater reliability for 
safety over rough terrain, populated areas, 
or water. The helicopter will cruise at 
more than 100 miles per hour with a useful 
load of over 3,000 pounds. The Pritt and 
Whitnev engines are mounted midway on 
the pvlons extending from tne ruselage ort 
to the rotor hubs. The XHwJD1 will fly 
on either of the two engines. Either engine 
is able to drive both rotors through a svs- 
tem of overrunning clutches. Withont 
power, the retors will autorotate and che 
craft can glide to earth. 





effective in part September 11. The act 
requires revision of many procedures of 
Federal executive and quasi-judicial agen- 
cies, which should give business a bett-r 
chance for a fair hearing. Already the 
Federal Trade Commission has partially 
complied with the act and indicated it w''! 
make other necessary changes in its pro- 
cedure when the legislation becomes effec- 
tive. 

While other Federal agencies have kept 
silent on their plans to comply, many 
changes in their procedures must be made. 
Rules and orders issued after September 
11, which do not comply with the act, 
may be challenged and are subiect to being 
set aside. Sections 7 and 8 of the act, deal 
ing with formal hearings and decisions, do 
not become effective until December 11. 
But the equally-important provisions re 
lating to public information, rule-making, 
informal adjudication, declaratorv orders 
and judicial review became law. The public 
information provisions are designed to as 
sure the general public of knowledge of 
procedures and operating methods of agen- 
cies. Matters requiring secrecv in the public 
interest or relating solely to the internal 
management of an agency are exempted. 
Each agency is required to publish or 
make available for public inspection all 
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rules and all final opinions or orders in the 
adjudication of cases, except those held 
confidential for “good cause.” 


Imaginary Aluminum Surplus—The _pros- 
pect of a vast surplus of aluminum antici- 
pated at the end of the war has vanished, 
and in its place has come a shortage al- 
rcadv felt in the aluminum products indus 
try and which experts will believe will 
become increasingly severe. Civilian Pro- 
duction Administration officials acknowl 
edge this situation exists and attribute it 
partly to the new uses of aluminum, to 
gether with scarcities in such compctitive 
matcrials as wood, copper, brass, <tecl and 
iron. Other contributing causes are de 
mands on the industrv resulting from the 
multi-million dollar veterans’ housing pro 
gram. 

Production of pig aluminum, now rn 
ning at 100 million pounds a month, is 30 
percent short of requirements. This com 
p*res with wartime production which 
reached a peak of two billion pounds an- 
nually, whereas in prewar vears the top 
was approximately 327 million pounds. 

Civilian Production Administration sees 
no immediate easing of the situation, point- 
ing out that virtually all aluminum plants 
for which power is available, and which 
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can produce economically, will be in pro 
duction by the end of October. ‘Their 
total production will not be enough to 
meet current and anticipated demands. 


Industrial Mobilization—Plans for indus 
trial preparedness apparently have reached 
such a stage that officials think it is safe 
to begin talking aloud. ‘Iwo recent 
speeches of Army Air Forces generals 
stressed this theme and included mention 
in pilot production lines. 

Problems of industrial preparedness, 
being studied by the Army-Navy Muni- 
tions Board, have been complicated by the 
injection of former War Production Board 
Chairman Donald M. Nelson into the pic 
ture, and tangible recommendations may 
be delayed. 

While his role is not yet either official 


or clearly defined, Nelson has been in- 
vited by the President to confer on stand-by 
plants. Such a conference may lead to one 
of several things: an overall study by Nel- 
son on surplus plants; a new coordinating 
gency; or merely a consultative position to 
government agencies already working on 
the stand-by task. 

Regardless of the final decision on what 
Nelson is to do, any contact with stand-by 
plants will greatly affect present thinking 
on industrial preparedness. 

Current thinking toys with what—if it 
ever is proposed as policy—undoubtedly 
will be labelled as a gigantic boondoggle. 
his would be the “ideal” set-up from the 
military viewpoint: 

Parallel production lines—peacetime 
products on one line, “pilot’” wartime 
products on the other, a very small amount, 


but sufficient for testing, study, and more 
important, to supply “know-how.” 

Special engineering, purchasing and 
supervisory staffs in major prime contract 
ing plants. Key men would be the purchas 
ing personnel who would study critical 
items and contact possible suppliers. 

Similar staffs, but on a smaller scale, im 
plants of suppliers and subcontractors. ‘The 
same system would extend all down th¢ 
line to producers of raw materials. 

An over-all, tightly integrated industria 
system so well-organized and supervised 
that within 24 hours conversion could be 
made from peace to war with a reasonable 
expectation of full war production within 
days. 

How much that “ideal” setup would 
cost, the planners don’t dare think. Nor 
are they too anxious to discuss it publicl; 





Plastic 


PRESERVING AND STORING industrial equip 
ment by plastic packaging process was 
demonstrated by R. M. Hollingshead 
Corp., Camden, N. J., recently. Based on 
a technique developed by the Navy, but 
said to be an improvement over origi- 
nal Navy methods, the company process 
uses what it calls the “cocoon system,” in- 
volving the application of several layers of 
a sprayed plastic on a webbing encasing the 
machine. While the demonstration in- 
volved a large machine employed in can- 
ning operations, the company claims that 
it can be used on anything from a ball 
bearing to a locomotive. 

The plastic consists of a modified film- 
forming vinyl resin, carried in volatile sol 
vents. In application an initial spray oper- 
ation bridges large openings with long 
web-like filaments that completely inclose 
the item being packaged. Subsequent spray 
applications produce a package impervious 
to moisture and the elements. 


(A : SB). 


(A) Typical machine prepared for application of webbing 
ections and vertical 
ied. Threads bridge 


over gaps between tapes but do not penetrate to ma- 


coat. 
tapes. (B) Webbing coat being app 


Note padding on sharp pro) 


At the recent demonstration the ma- 
chine received four coatings of the plastic, 
topped off by an aluminum solution for 
reflecting the sun’s heat which has been 
developed by the Insul-Mastic Corp. of 
America, Pittsburgh. The spraying process 
took forty-five minutes with two men 
working. ‘To eliminate the possibility of a 
sharp corner piercing the finished cocoon, 
all sharp projections on the machine were 
padded by tapping on rag wads or other 
suitable padding. Ordinary pressure-sensi 
tive tape was then applied in strips con 
necting the outer projections of the ma- 
chine, first vertically, then horizontally. 

For extreme conditions, such as ex 
tended outdoor storage, a top coatmg of 
“‘Insul-Mastic”’, a Gilsonite-base material, 
is spraved on and forms a good bond with 
the “Cocoon.” This material, which has 
been used as a roofing material on freight 
cars for many years, has shown a life ex 
pectancy of over 50 years in accelerated 


machine. 


"Cocoon" For Equipment Storage 


weathering tests. The aluminum coating 
is then applied over the Gilsonite layer. 

A sufficient number of layers are sprayed 
on to form a coating from 0.020 to 0.040 
in. thick. Moisture vapor transmission of 
these coatings at 100 deg. F. and 95 per- 
cent relative humidity varies from 0.350 
to 0.175 g. per 100 sq. in. per 24 hr. 
Tensile strength is from 1,750 to 2,000 Ib 
per sq. in. The sprayed coatings can be 
stretched to over 3 times their original 
length before breaking, will not soften or 
become tacky at 180 deg. F. and remains 
flexible at minus 40 deg. F. 

Another part of the demonstration in 
volved an electric shaver, fan, flashlight 
and alarm clock which had been sub 
merged in small tanks for two weeks in 
cocoon coverings. The articles were taken 
out of the tanks, the coverings were peeled 
off and they were plugged into outlets 
Company officials noted that all performed 
as well as when they were first stored away. 





chine. (C) Demonstrator applying spray coat over webbing 
coat. Window can be inserted for visual inspection of 
inside of package. (D) "Cocoon" being stripped from 
"Cocoon" does not adhere to metal surfaces. 
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in view of present insistence on govern- 
ment economy. Lacking an immediate 
possibility of putting it into effect, a com- 
promise proposal that is evolving takes, 
roughly, this form: 

Small purchases of military aircraft and 
components, not for tactical or strategic 
preparedness, but merely to keep alive 
“know-how.” 

Stockpiling of critical materials. 

Mass production of tools for items, al- 
though standard in most planes, that still 
are critical. 

Establishment in a small way of pilot 
production lines. 

Thorough breaking down of drawings 
of planes into various parts and compo- 
nents with a view to establishing sources 
of supplies and potential subcontractors. 

For this, Army-Navy Munitions Board 
has about $12,000,000 of the Air Forces 
money and an indeterminate amount from 
Navy's Bureau of Aeronautics. For actual 
aviation purchases during fiscal 1947, Army 
and Navy have about $5,000,000. Stock- 
piling is a lesser problem. Congress has 
ilready authorized expenditure of $1,500,- 
000,000 over a five year period to lay by a 
store of critical materials. 


Army Research—The new Research and 
Development Division of the Army Gen- 
eral Staff is beginning to assume definite 
shape. Major General Henry S. Aurand, 
former Commanding General of the Sixth 
Service Command, has been appointed to 
head the Division. ‘The Research and De- 
velopment Division was created recently as 
a General Staff post in recognition of the 
importance of research in modern military 
eficiency. An office charged with new 
scientific developments formerly existed on 
the War Department Special Staff. 


Bureau of Standards—Tentative plans are 
now under way at the National Bureau of 
Standards for an expanded program of re- 
search in nuclear physics. The bureau, long 
ictive in this field particularly in radio- 
ictivity measurement and instrumentation, 
played a key role in the atomic bomb 
project when President Roosevelt turned 
to the former director for initiation of the 
project. 

One of the peacetime projects envisages 
a cooperative program with the National 
Institute of Health. E. U. Condon, di- 
tector of the bureau, and Surgeon General 
Parran announced that a federal research 
institution located in the Washington area 
is contemplated and that when the plan 
\s approved by the Administration, the 
Bureau of Standards and the National In- 
stitute of Health will seek a joint special 
appropriation from Congress. This nuclear 
research project will have two aspects, one 
tor physical research for the Bureau of 
Standards and one for medical and bio- 
logical research for the Institute of Health; 
however, a single uranium pile would be 
used by both groups. Any such program 
will be integrated with the activities created 
oy the Atomic Energy Commission, re- 
cently established by Congress. 
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In addition, the Bureau of Standards is 

continuing its usual investigations. of the 
properties of radioactive substances, measur- 
ment of radioactivity, and instrumentation. 
Related projects include the construction 
of a 50,000,000-volt betatron, now under 
way; the design of a 100,000,000-volt beta- 
tron; and construction and operation of a 
1,500,000-volt x-ray tube. 
German Technology—Document screeners 
of the Technical Industrial Intelligence Di- 
vision of the Commerce Department Office 
of Technical Services (See October ““Wash- 
ington Notes” column) recently discovered 
in Germany a new cache of Krupp files, 
said to contain some of the firm’s most 
valuable papers on metallurgy. Most of 
these reports will probably find their way 
to the public via microfilm and photostats 
through the customary procedure of the 
Office of Technical Services. 

While we are on the subject, it might 
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interest followers of Commerce Depart- 
ment activities to know that the Office of 
Technical Services is planning to begin 
publication next January of a 48 page 
monthly “science” magazine, which will 
report on all federal activities in research 
and development. ‘The publication will be 
titled “Federal Science Progress” and it 
will be printed on “slick” paper. Allocation 
of $25,000 has been approved by the 
Budget Bureau as an initial appropriation. 
A staff of ten writers, headed by the former 
Fortune editor, has been hired to turn out 
the magazine. According to the Office of 
Technical Services, this magazine will not 
attempt to compete with privately pub- 
lished technical magazines and will only 
report on federal research activities after 
this material has been made available to 
commercial publications. What the precise 
purpose of this publication will be had 
not been divulged. 








Coated Glass Eliminates Icing and Fogging 


A solution to the problem of exterior 
windshield icing and interior fogging in 
aircraft is seen in a new development by 
the Pittsburgh Plate Glass Company. The 
idea involves the use of a transparent elec- 
trically conductive coating on glass. ‘The 
development of the unit, identified by the 
trade mark Nesa, is credited to W. O. 
Lytle, research engineer at the company’s 
Creighton Research Laboratories. 

In its present stage of development the 
reflection of a glass surface treated with 
Nesa is somewhat greater than untreated 
glass. Also, a Nesa surface produced by 
the present methods presents an iridescent 
appearance by reflected light because of 
selective reflection of different wave lengths 
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of light and interference effects resulting 
from slight variations in thickness. How- 
ever, both the intensity and the color varia 
tion of reflected light are minimized by 
laminatmg the Nesa surface to another 
plate of glass with an intermediate bond- 
ing layer of vinyl plastic. ‘The eye can de- 
tect no color differential in transmitted 
light and the visual characteristics are ap- 
proximately the same as untreated glass 
when employed in vinyl laminates. In the 
above photograph, with temperature at 10 
deg. F., a Nesa treated panel is cleared of 
ice when an electrical charge is passed 
through the transparent coating. 

One of the secondary characteristics of 
Nesa treated glass is that it strengthens air- 
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raft windshields against impact at low 
atmospheric temperatures. For efficient 
protection the vinyl plastic innerlayer 
should be kept within the optimum tem- 
perature range of from 80 to 120 deg. F. 
according to the Civil Aeronautics Asso 
ciation. With use of Nesa treated glass it 
is possible to keep the temperature of the 
vinyl plastic within the optimum. 


Electrical contact to Nesa is made by 
painting on bus bars of silver paste which, 
when properly fired, becomes metallic 
silver. Copper wires, or other suitable con- 
nectors, can then be soldered to the silver. 
Ihe Nesa surface can be effected on plate 
glass, laminated safety glass, and multiple- 
glazed units. Nesa glass can be partial-tem 
pered, annealed or fully tempered. 





Supersonic Non-Destructive Testing 


REVEALING HIDDEN DEFECTS in the interior - 


of metal, plastic and ceramic parts, the 
Supersonic Reflectoscope promises to 
radically change inspection procedures. 
Utilizing the property of supersonic waves 
of penetrating solid materials and the te- 
tarding effect of air on these waves, this 
device was developed by Sperry Products, 
Inc., of Hoboken, N. J. The machine is 
portable, thus permitting inspection of 
parts and stock in place. 

The Reflectoscope sends supersonic vi- 
brations through the material being tested 
and measures the length of time it takes 
these vibrations to penetrate the material, 
reflect from the opposite side or an inter- 
nal defect, and return to the sending point. 








The pattern produced on an oscilloscope 
screen is a visual indication of any defects 
present. To operate the machine, a quartz 
crystal “searching unit” is applied to a flat, 
relatively smooth surface of the material 
being tested, after this surface has been 
covered with a light film of oil to improve 
sound transmission. As this unit is moved 
over the surface, the oscilloscope pattern is 
observed by the operator. 

Supersonic waves are transmitted best 
through solids and liquids. As far as these 
waves are concerned, air acts as a brake. 
The reflectoscope employs supersonic waves 
in the 0.5 to 12 megacycle band, far be- 
yond the audible range. The nature and 
size of the piece to be tested will usually 


regulate both the frequency and the siz 
of the crystal which should be used. The 
lower the frequency, the longer is the 
length of the supersonic wave. Longer 
wavelengths tend to pass around small de 
fects—cracks and voids. The higher fre 
quencies, with smaller wave-lengths, are 
reflected from both large and small defects. 
I'he area of the crystal has a direct effect on 
the width of the beam of waves. 

When an oscillatory voltage is applied 
to an especially prepared flat crystal, the 
crystal vibrates in synchronism with the 
oscillations and generates the supersoni 
waves. The reflectoscope is designed so 
that waves are sent out from the crystal in 
pulses of a few microseconds duration at 
a rate of 60 times per second. Between 
the transmitting periods, the crystal acts 
as a receiver, picking up the supersoni 
waves as they are reflected back to origin. 

Depth of penetration by supersonic 
pulses depends, naturally, upon the nature 
of the material which is being tested as 
well as upon the size of the crystal which 
is being used in the searching unit. Tests 
indicate that, of the metals, steel, alumi- 
num and magnesium afford the greatest 
penetration, lead the least. Pieces, made of 
steel aluminum, as long as 28 ft., have 
been successfully inspected by this method. 

Glenn L. Martin Co. and Sperry Products, Inc. 
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(A) Operator in the Quality Control Department at 
The Glenn L. Martin Co., Baltimore, tests aircraft extru- 
sions, using the Supersonic Reflectoscope. (B) Quartz crys- 
tal is moved over surface of material under test. If the de- 
fect is small, only part of the vibrations are deflected. 
Large defects such as voids or cracks, if large enough, 
will reflect all vibrations. (C) Oscilloscope screen shown 
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when spar at left is being tested. ''A" is the zero sweep 
line inch mark waves. This sweep line may be adjusted 
so that each full wave represents any measure of distance 
from one inch to two feet. '"B" is the initial pulse, "C' is 
the reflected vibration from other side of billet, a distance 
of 82 in. "D" is the reflected vibration from a relatively 
large defect approximately 4 in. from the surface. 
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RESEARCH NOTES 





Armour Foundation Starts 
Eleventh Year of Research 


The Armour Research Foundation of 
Illinois Institute of Technology, which 
recently celebrated its tenth anniversary, 
has reconverted to peacetime problems and 
is once more devoting the major part of 
its time to scientific research and experi- 
mental engineering service to industry. Al- 
though the full story of its accomplish- 
ments can not yet be told, the volume of 
research carried on during the past year 
has been above the two million dollar 
mark. Among the outstanding contribu- 
tions were projects dealing with submarine 
warfare, magnetic sound recording, lubri- 
cant testing, Diesel combustion, airport 
loading, army rations, fabric coating and 
shock testing. 

Founded in September, 1936, the Foun- 
dation was originally housed in three small 
rooms. At that time there was a debt of 
$30,000 and a staff of three persons. To- 
day its staff of more than 440 devote full 
time to research, with a budget which last 
year passed $2,000,000. Four buildings at 
present house the many laboratories and 
administrative offices, with several other 
units contemplated now that the war is 
over. During the past decade the Founda- 
tion has served approximately 2,000 com- 
panies, governmental agencies, and associ- 
ations of manufacturers. 

Illinois Tech’s Armour Research Foun- 
dation is headed by Dr. Jesse E. Hobson, 
who resigned as director of the Institute’s 
electrical engineering department in 1944 
to become director of the Foundation. 

Dr. Thomas C. Poulter, now associate 
director in charge of science and engineer- 
ing, was one of the original founders, while 
Harold A. Vagtborg, president of the Mid- 
west Research Institute in Kansas City, 
was primarily responsible for the Founda- 
tion’s early growth while serving as direc- 
tor until 1944. 

The Foundation owes its present success 
to a great many factors, not the least of 
which is its fundamental plan of operation 
—the Armour Plan for Industrial Research. 
This plan incorporates procedures designed 
to achieve the highest possible degree of 
scientific collaboration and cooperation. 
Each project, upon acceptance, is assigned 
to a specific section of the Foundation for 
study and guidance, but as various phases 
of the problem invade other fields of 
science, other staff groups, whose special- 
ties will enable them to reach a conclusion 
more quickly, are drawn into the project. 
As the work progresses, pertinent develop 
ments and major problems become the 
subject of periodic presentations before 
representatives of all sections. Here indi- 
vidual ideas are pooled for subsequent 
organization into plans of approach until 
the investigation is completed. 

(he Foundation now functions through 
eight major divisions, physics, ceramics, 
chemistry and chemical engineering, me- 
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The $90,000 a.c. Network Calculator Laboratory is used for the solution of 
complex mathematical problems by means of electrical analogy. 


chanics of solids, electrical engineering, 
fluid mechanics and thermodynamics, 
metals and mechanical engineering, in addi- 
tion to a research services section. 

The Armour magnetic wire sound re- 
corder has undoubtedly produced more 
widespread interest than any of the Foun- 
dation’s other current self-sponsored re 
search and development programs. Funda- 
mentally a medium for converting sound 
waves into corresponding magnetic im 
pulses and translating them onto a fine 
wire, the recorder is capable of producing 
high fidelity recordings for a wide variety 
of uses. The Armour Magnetic Wire 
Sound Recorder Division has been estab 
lished, replacing the former Wire Re 
corder Development Corporation, to 
handle all commercial matters relating to 
this program including the licensing of 
manufacturers to produce wire recorders. 
To date 36 licenses have been granted. 

The Foundation is continuing its pro 
gram of technological studies in Latin 
America which began with a full-scale in 
dustrial and economic survey of Argen 
tina in 1942. The Foundation is belived 
to be the only non-profit institution of its 
kind conducting this tvpe of foreign in 
dustrial research service. A basic techno 
logical audit of Mexican industries, under 
the sponsorship of the Banco de Mexico, 
has recently been completed, aimed at de 
veloping new industries in that country and 
at improving existing ones through addi 
tional technology and research. 

All research activties of the twentv-vear 
old Lithographic Technical Foundation 
have been transferred to the Armour R¢ 
search Foundation of Illinois Institute of 
Technology. A working cooperation be 
tween the two organizations on projects 
determined by the LTF is provided. 

A $90,000 a.c. Network Calculator, the 
thirteenth of its kind in the world, has 
been in operation for mote than a_ year. 
Purchased through the cooperative action 
of Illinois Tech and 17 cooperating manu 
facturers and power companies, the calcu- 
lator is a device for the study of the 
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problems of electric power system design 
and operation. 

On June 18 of this year, the Ohmite 
Laboratory of Precision Electrical Measure- 
ments was formally dedicated. Made pos- 
sible through a gift by David T. Siegel, 
president of the Ohmite Manufacturing 
Company, the laboratory is designed to pro 
vide precision measurements of electrical 
and magnetic quantities approaching in 
iccuracy those of the National Bureau of 
Standards. 

The National Registry of Rare Chemi 
cals, a public service activity, has a com 
plete catalogue giving the location and 
quantities of the rarest chemical com- 
pounds, many of which exist in quantities 
of only a small fraction of a gram. Ap 
proximately 7,000 unusual chemicals not 
regularly stocked or listed by chemical 
supply houses are registered. 

Other research projects include identi 
fiction and differentiating of lubricating 
oils refined from different crudes; textile 
research dealing with the development of 
1 water soluble cotton warp size, the manu 
facture of glazed chintz, suspensions of 
organosols for cloth coating, and starches 
for use in tracing cloth; a survev of grained 
metal plates for lithography; studies in 
watch technology concerned with very pre- 
cise metal processing operations; a project 
for the reduction of V-belt running noise; 
and studies to determine a new principle 
whereby static and dynamic torque in shafts 
can be measured by electronic means. 


Office of Naval Research 
Established In Navy Dept. 


Establishment of the Office of Naval 
Research within the Office of the Secretary 
of the Navy, giving permanent status to one 
of the government’s biggest programs in 
support of fundamental research, has been 
announced. The new Office of Naval Re 
search will carry on, in effect, where the 
Office of Research and Inventions has 
pioneered, with essentially the same objec 
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tives, staff and general organization. 

The appointment of Vice Admiral Har- 
old G. Bowen as Chief of the newly 
established Office of Naval Research, and 
of Rear Admiral Luis de Florez as Assistant 
Chief, has been confirmed. 

The Office of Naval Research, as_ it 
takes over from the Office of Research 
and Inventions, obtains a going organiza- 
tion composed of a headquarters office in 
the main Navy Department building in 


coordinating and service functions; the 
Planning Division, at headquarters; the 
Naval Research Laboratory, at Anacostia, 
D. C., the Special Devices Center, at 
Port Washington, Long Island, New York, 
the Navy Patents System, in Washington, 
and branch offices in London, Boston, 
New York, Chicago, San Francisco and 
Los Angeles. Each branch office in the 
United States includes a Scientific Section, 
Patents Section, and a Special Devices 


The Secretary of Navy said that $45, 
000,000 had been appropriated to the 
Navy Department for fundamental research 
initiated by the Office of Research and 
Inventions during the fiscal year 1947. Re 
search is now being conducted in nucleat 
physics, medicine, physics, chemistry, 
mathematics, electronics, mechanics, 
meteorology, and applied research and co 
ordination with the rest of the Navy in 
the fields of power, guided missiles, and 


Washington, D. C., which performs staff, Section. 


air, surface and sub-surface warfare. 





Sea Water Battery Powers Locator Buoy 


An Army Air Forces locator buoy—powered by a Signal Corps 
sea-water battery—is credited with saving the lives of many flyers 
during the war and is now standard military aircraft equipment. 
Downed airmen tossed the buoy from their life rafts into the 
ocean and watched a rodlike antenna emerge from the buoy 
which began to transmit radio signals in all directions. Other 
planes within a radius of fifty miles could pick up the signals 
and, by radio direction finding equipment, locate the source of 
the signal. The position is then flashed to the nearest ship. 

The same apparatus serves to establish rendezvous points for 
aircraft over ocean areas. In that use, the buoy is dropped from 
a plane by parachute over the desired meeting place. After the 
buoy hits the water and bobs to the surface, the antenna is “shot” 
upwards to its extended operating position by the explosion of a 
.30 calibre blank cartridge. After an interval of about ten minutes, 
radio signals are transmitted for a short test period. The trans- 
mitter then cuts off and remains quiet until a timing device set at 
the designated hour switches it back into operation. 

As standard emergency equipment on military and _ civilian 
planes making flights over water, the miniature radio transmitter 
is expected to play an important role in minimizing the tragedies 
arising from planes forced down at sea. Darkness and adverse 
weather conditions need no longer impede sea-rescue work. 


A small but powerful radio transmitter for the locator buoy was 
first devised, but the real problem lay in supplying a source of 
electric energy. Since the equipment had to be as small and light 
as possible to render it portable and permit it to remain afloat for 
a long period of time, bulky generator equipment could not be 
used. ‘lhe only other applicable source of power was a battery 

The job of developing a battery answering all these requ 
ments was assigned to Signal Corps Engineering Laboratories, }'ort 
Monmouth, New Jersey. Sea-water was employed to activate the 
battery, to form the electrolyte or acid solution which, in reacting 
chemically with the plates of the battery, creates electric energ) 
Common tap water may also be used. The battery comes to life 
when dunked in water and provides, with the aid of a vibrator 
device, 330 volts for 12-hour transmission of radio signals. 

In the investigation of other electrochemical combinations for 
batteries, it was found that a sea-water activated battery answered 
best the requirements of a power supply for the floating radio 
transmitter. ‘This type of battery consists of five cells housed in 
a steel container in a pentagonal arrangement around a central 
hole through which the radio antenna extends. The outer case 
is cylindrically shaped, being about 7 in. in diameter and 10 in. 


in length. ‘The positive electrode is made of magnesium; the 


negative consists of a coating of silver chloride on a silver screen 
Signal Corps Engineering Laborator 
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SAE AERO SPEC GROUP LAUNCHES NEW PROGRAM 


REORGANIZATION Of the Society of Automotive Engineers Aero- 
nautical Materials Specifications Subdivision has been effected 
to increase its value to industry and Government in the swing- 
over from war to peacetime operations. 

Major change is the abolition of separate Airframe, Engine, 
ind Accessory groups into one large committee. Working groups 
will function as AMS Commodity Committees under an execu- 
tive steering committee in establishing continuity in the process 
ing and revision of AMS referred to them. Greater efficiency will 
be achieved, it is anticipated, through product-wise handling 
rather than by the former method of component groupings. 

Commodity committees have been set up for the following 
projects: Plating and Protective Coats, Synthetic Rubber, Alumi- 
num and Magnesium Alloy Products, Plastics, Aluminum and 
Magnesium Castings, Non-ferrous Metal Products, Carbon Steel 
Products, Corrosion-Resistant Steel Products, and Low Alloy 
Steel Products. In addition, new committees have been added 
on Heat Resistant-High Density Alloys and Petroleum Products. 

The Heat-Resistant High Density Alloys Committee looks 
forward to problems now facing the industry on materials for 
jet and turbine powerplants. It is planned to coordinate all 
available information on heat-resistant alloys to serve as a basis 
for developing specifications covering materials required by air- 
plane manufacturers for jet and turbine installations as well 
as the products that make up the powerplant. 

Plastics are now enjoying wider utilization in the industry. 
As with all new materials, a wide variety exists and there are 
no controls on material composition or physical characteristics. 
Preparatiomw of a series of plastics AMS is now under way. 

Another project given the green light is development of 
specifications for tin and chromium plating to round out existing 
plating specifications covering zinc, cadmium, silver, lead, and 
indium. 

he SAE Aeronautical Material Specifications group was 
organized in 1939 at the request of aircraft engine manufacturers 
and the military services. Urgent need existed at that time for 
common specifications covering engine materials. Material 
composition was wandering all over the lot as each manufacturer 
had a different company specification. A condition approaching 
bedlam reigned among the material producers; the military was 
not happy with the situation; wide variety of materials boosted 
costs to users. 

l'o rectify the existant confusion and prepare industry for 
the defense program, the group set out on its task. First assign- 
ment was the standardization of steels. ‘This AMS series 
encompassed carbon, stainless, and low alloy steels. 


As the war program expanded, so did the scope of the AMS 
committee. Its broadened scope now includes in addition to 
materials used in aircraft engines, materials required for aircraft, 
propellers, and accessories. 

The AMS are complete procurement specifications. ‘The 
include requirements regarding items such as form, quality, and 
test reports. They are the basis for acceptance or rejection of 
purchased parts and material. Composition limits of the material 
and other requirements outlined apply specifically to the special 
ized needs of the aircraft industry. 

Committees preparing the AMS are composed wholely of users, 
although raw material suppliers are consulted. ‘These specifica 
tions are distinctive in that they are not written unless thc 
material is already in use and a sufficient number of 
indicate the need for them. 

Tolerance standards established by the group were drawn from 
existing material tolerances prepared by industry associations and 
were organized in a logical form. Separate specifications are 
written for different forms and shapes of the same material 
composition, and for different heat treats of the same metal. 
lor example, AMS 4420C covers magnesium alloy sand castings, 
6 percent Al and 3 percent Zn, as cast, and AMS 4422D covers 
inagnesium alloy sand castings of the same composition that are 
solution heat treated. 

Twice each year the AMS are reviewed to see if the material 
is still in use. If the usage has become limited, they are desig 
nated non-current; if the material is not used at all; the pertinent 
AMS is cancelled. Over 400 AMS have been issued to date 
As far as is known, this is the first and only effort of its kind 
wherein complete material specifications have been prepared for 
an entire industry. Whenever a problem concerning aircraft 
materials arises, the SAE committee has been of assistance in 
preparing the required specifications. 

\ case in point is the rubber emergency that arose during 
the war. ‘The critical rubber shortage forced the aircraft industry 
to resort to synthetics for which there were no standard specifica 
tions. Within a year, the group prepared a complete set of 
specifications for all synthetic rubbers. AMS have been helpful 
in other ways. When the British Rolls Royce engine was brought 
to this country to be produced by Packard, AMS were literally 
a saviour to Packard. 

The AMS have become an integral part of industry—nearly 
four million copies have been distributed within the past five 
vears. ‘The conferees have geared their new program to assist 
both industry and Government to production in peace as was 
done in production for war. 


omp WNcs 





Machine Design Group 
Has Well Attended Session 


H&IGHTENED INTEREST in the newly formed 
Machine Design Group was demonstrated 
when about 75 engineers attended the 
Group session at the fall meeting of the 


American Society of Mechanical Engineers 
. : 


pressings. 


} 


_ 


tables of tolerances for length, diameters, 
flange diameters and flange techniques for 
concentricity. Lantern slides showed cor 
rect and incorrect designs of powder metal the A.S.M.E. in December, is expected to 


The second of the two papers was pr¢ 
sented by FE. C. Miller, design engineer of — are: More than 2,500 members of the 
the Riley Stoker Corporation. The author 


Machine Design Group for divisional status 
within the A.S.M.I The application, 
which will be presented to the Council of 


be granted, judging from unofficial com 


Factors influencing this decision 


ments. 


} 


\.S.M.E. have expressed interest in the 


held in Boston on October 2. Presided over used a transparent plastic model to explain new group; also, an appreciable number of 
by B. P. Graves of the Brown & Sharpe how to secure a variable stroke or variable — designers have applied for membership in 
Manufacturing Company and J. F. Downie — angular displacement in a feeding mecha the A.S.M.E. because of the formation of 
Smith of the United Shoe Machinery Cor nism. The Stephenson Link and the — the Design Group. 





poration, several papers of special sig 
nificance to design engineers were presented 
at the session. 

Mr. Irving J. Donahue of the Presmet 
Corporation, Worcester, Massachusetts, 
dis issed “Some Considerations in Design 
ing Parts for Powder Metallurgy”. Mr. 
Donahue presented important design data, 
such as minimum allowable ratios between 
wall thickness, outside diameter and length 
ot pressed powder sleeve bearings, and 
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Walshaerts Valve Gear linkages were de 
veloped; these permitted full uniform con 
trol from zero to maximum capacity with 
out any intermediate change of gears or 
resorting to motor speed control. 

The number of questions asked of the 
speakers from the floor was indicative of 
the great amount of interest provoked by 
the papers. 

\ sidelight of the meeting was the in 
terest expressed in the petition of the 
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Silicone Oil Tested 
As Safe Hydraulic Fluid 


SAMPLES OF SILICONE o1L for testing as a 


hvdraulic fluid have been furnished to a 
large aircraft company by the General 
Electric Company, following proposal 
made by the safety bureau of the Civil 


Acronautics Board. ‘The order for the 
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silicone product, considered much less in 
flammable than the petroleum oil now 
used, followed promulgation of new regula- 
tions made by CAB after long investiga 
tion and study of air line fires, which had 
resulted in grounding of all “Constella 
tion” planes. 





MEETINGS 


November 15-24 
National Aircraft Shows—Cleveland Air- 
port, Cleveland, Ohio. 


November 18-22 

American Society for Metals—National 
Metal Exposition and annual meeting, 
Municipal Auditorium, Atlantic City, 
N. J. Held in conjunction with the Expo- 
sition at Atlantic City will be the annual 
meetings of the Iron and Steel Division; 
the Institute of Mining and Metallurgical 
Engineers; the American Welding Society 
and the American Industrial Radium and 
X-Ray Society. 
December 2-4 

Society of Automotive Engineers—Air 
‘Transport Engineering meeting, Edgewater 
Beach Hotel, Chicago, Ill. 
December 2-6 

American Society of Mechanical Engi- 
neers—Annual meeting, Hotel Pennsyl- 
vania, New York. 
December 2-7 

National Power Exposition — Grand 
Central Palace, New York, N. Y. 
December 4-6 

National Association of Manufacturers— 


Annual meeting, Waldorf-Astoria Hotel, 
New York, N. Y. 


December 9-1] 

Society for Experimental Stress Analy- 
sis—Annual meeting, including a Svm- 
posium of Telemetering of Aircraft Flight 
Observations, Hotel New Yorker, New 
Tork, N.Y. 





Corrections for Wire 
Gage Formulas 


Referring to the Reference Book Sheet 
on page 159 of August 1946 Propuct 
ENGINEERING 
First column, line 13, equation should read 

100 x 2%-%/® 1,600C,, 

Second column, line 5, equation should 
read 

| ne i 10 ohms per 1,000 ft. 
Equations in box should read 


(1) €. =100 xX 2 

1) Gi = 16 x 2°" 

S «A 2 (o-n) 3 

7) (=i 

10 d. 10™ n) /20 

11) Ohms per M ft Leese 
12) Ft. per ohm on 

13) Lb. per M ft. = 3.1 * 107” 
14) Ft. per Ib 34 = 10 


—EpitTor 








Plastic Protective Coating Applied On-the-Job 


\ New METHOD of applying a plastic pro- 
tective coating for many industrial prod 
ucts has been announced by the General 
Electric Company’s plastics division. Pos- 
sessing good electrical, physical and chemi- 
cal properties, the vinyl plastic material is 
tough, durable and resilient as well as 
water, acid and alkali resistant. It has 
good wet strength and will not split while 
it is being applied or during prolonged 
storage. The method of processing and its 
ease of application already has made it 
suitable for a wide range of products and 
offers possibilities for other fields. 

Use of the material is twofold. It may 
be incorporated in the design of the prod 
uct itself such as a covering for busbar 
insulation, as terminal ends or as an elec- 
trical or mechanical seal for wires and tub 
ing. At the present time it is more exten 
sively used as a temporary protective 
during storage and shipment or during the 
fabricating and manufacturing — processes 
of the finished product. [lustrative of the 
former is its use as coverings for cable 
ends, grips for pliers, wrenches and wire 
cutters for insulating purposes. One of its 
best applications is to form a_protectiv« 
covering for threaded parts. 

The material is available in the form of 
caps and sleeves. Processing calls for a 
special dilator solution developed bv G. E. 
in which the material is immersed for a 
period of two to four hours. This expands 
the material as much as half again its 
normal size. While dilated the unit is 
placed in position on the product and is 
lowed to drv. It soon shrinks to smaller 
than its original size and forms a tight 
fit around the product without losing any 
‘f its physical properties. It mav be easil\ 
removed by cutting with a knife. 

The protection which the plastic pro- 


vides varies according to its application 
In covering the ends of tubing used in the 
manufacture of refrigerator evaporators, 
the plastics cap prevents dust and moisture 
from entering the tubing during assem- 
bling operations. For threaded parts, the 
covering protects the threads from being 
damaged by contact with other materials 
As a covering for drills and other tools, it 
may well be used to replace grease and 
prevent rust and corrosion as well as pro 
tect the tools from possible contact dam 
age. On pliers and wirecutters, the cover 
ing is an excellent insulator. 

The caps and sleeves are available at the 
present time in any desired length and in 
diameters up to an inch. However, the 
fact that they are swollen to half again 
their original size plus the fact that they 
may be stretched considerably when in the 
swollen state permits diameters of two 
inches to be covered. 

One of the important advantages of thie 
product is its long life during storag 
Tests indicate that the material will last 
without splitting or cracking for vears 
Other advantages include the fact that the 
material is heat resistant for conventional 
baking cycles and is resistant to plating and 
degreasing solutions. 

lhe product is shipped dry and, accord 
ing to the company, there is no neces 
for storing it in any particular way. The 
can be left in or out of the dilator in 
definitely. 

\s shown in the above photograph, thus 
plastic material can be shrunk over tlie 
ends of tubing, threaded pipes and p 
cision machined surfaces to serve as 4 
protective covering during shipment, st 
ige, plating and fabricating operatic 
Parts are shown before and after plast 
cap are applied. 
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Foreign Reports 


...... from McGraw-Hill World News 


International Technical Congress 
Held in Paris 


For what is believed to be the first 
time in history, an International ‘Tech- 
nical Congress, held in Paris from Sep- 
tember 16 to 21, brought together en 
gineers and technicians from all fields 
ind from all parts of the world. Under 
the Presidency of Col. Aristide Antoine, 
former President of the Union of 
French Engineers and Technicians, the 
Congress was organized by committees 
of engineers in 14 countries. 

The aim of the Congress was two- 
fold. Primarily it was designed for in- 
terchange of information on technical 
questions of a general nature, and dis- 
cussion of social and economic prob- 
lems of particular interest to engineers 
ind technicians. Emphasis was on the 
universal character of the great tech- 
nical problems raised by the reorgan- 
ization and development of the world 
economy. 

The second major aim of the Con 
gress was to consider informally the 


creation of an international federa- 
tion embracing all engineering _ pro- 
fessions. Such a body would work 


closely with the United Nations Edu- 
cational, Scientific and Cultural Organ- 
ization, and would have as its mem- 
bers local engineering organizations in 
each of the professions. Mr. Andre 
Bostsarron, Secretary-General of the 
Congress, stresses however that any 
decisions taken at the Congress about 
forming a new organization will not 
be binding on local associations until 
properly ratified by each. 

Of the 1200 delegates, about 600 
were French, and 130 were British. 
Delegations also attended from Switzer 
land, Belgium, Egypt, India, Greece, 
Lebanon, Syria, Poland, Portugal, 
Czechoslovakia, Jugoslavia, and the 
United States. 

The U. S. committee for the Con- 
gress was presided over by C. E. 
Davies, secretary of the A.S.MLE. 
Members included: W. M. Carey, Sec- 
retary of the A.S.C.E.; A. B. Parsons, 
secretary of the A.I.M.M.E.; H. H. 
Honlines, National Secretary of the 
\.LE.E.; and S. L. Tyler, Secretary of 
the A.I-C.E. Honorary members were 
Eugene Houdry, president of Houdry 
Process Corp.; Morris L. Cooke, con- 
sulting engineer; and David Lilienthal, 
hairman of the T.V.A. 

Chief result of the Congress occurred 
m the sidelines—the unanimous de- 
cision of the chief delegates from all 
ountries to set up an interim organiza- 
tion with the view that this will grow 
into a World Engineering Federation. 

The proposed Federation would 
mobilize the engineering knowledge of 
the world to aid the various United 


Nations bodies in such tasks as recon 
struction, economic advancement, and 
the spread of engineering knowledge 
and cooperation. This idea grows out 
of meetings which first began to be 
held in London as early as 1944, among 
engineers of various nations who were 
assembled there by the war. 

The new interim organization, to be 
known as the “World Engineering 
Conference”’, is to be composed of rep 
resentatives from engineering societies 
of all nations. It will be directed by an 
Executive Board representing twelve 
countries. ‘Three places on this Board 
have been left vacant to allow inclusion 
of countries such as the USSR which 
were not represented at the Congress. 

President of the new Conference, as 
of the Congress, is Mr. Antoine, In 
spector General of Electricite de France. 
America’s temporary representative of 
the Executive Board is Fenton B. 
Turck, member of the Joint Commit 
tee on International Relations of the 
Engineers Joint Council of the U. S. 
Other countries represented on the 
Board are Great Britain, Poland, Switz 
erland, Czechoslovakia, China, India 
and Egypt. 

The Congress itself ploughed through 
summary discussions of 130 reports in 
its five days, and ended by approving a 
spate of resolutions. It considered: 

The present engineering status of all 
the world’s industries, a section which 
produced many economic as well as 
technical summaries of different indus 
tries’ positions in various countries. 

Engineers and technicians in the 
world today. ‘This section provided 
varied reminiscences; descriptions of 
where engineering education stands not 
only in advanced countries but in 





colonial or non-industrialized lands; 
proposals for educational reform; and 
above all a unanimous call for engineers 
to work together internationally for 
peace and reconstruction, hearkening 
to their duty as citizens and their hu 
man responsibilities. 

I'he Congress also called for creation 
of one or more international engineer 
ing schools, the first to be set up in 
| urope. 

About 130 papers were delivered at 
the Congress. Some of the American 
papers presented were: “Economic De 
velopment of An Area”, David Lilien 
thal, Chairman ‘Tennessee Valley 
Authority; “Applied Scientific Re 
search”, Joseph W. Barker, President, 
Research Corporation; ““Nuclear En- 
ergy’, Harry A. Winne, Vice President, 
General Electric Company; “Scientific 
Management’, John Willard, Chair 
man, National Management Council; 
“Standardization”, P. G. Agnew, Sec 
retary, American Standards Associa 
tion; “Manufacturing”, L. C. Morrow, 
Editor, Factory Management & Mainte 
nance; “Engineering Organization’’, 
C. E. Davies, Secretary, The American 
Society of Mechanical Engineers; 
“Technical Education and Professional 
I'raining’, L. E. Grinter, Vice Presi 
dent, Illinois Institute of Technology; 
“Internation Cooperation in ‘Tech 
nical Translation”, James S. ‘Thompson, 
Chairman, Special Committee on 
French Publishing Relationships, 
United States International Book Asso 
ciation. 

In all there were 20 American re 
ports presented. ‘These and the other 
reports of the Congress will be avail 
able, as long as they last, from the sec 
retariat of the new International Engi 
necring Conference, 86 bis, Boulevard 
de La ‘Tour-Maubourg, Paris also 
from The Engineers Joint Council, 29 
West 39th Street, New York 18, N. Y. 


American Delegation with French engineers meet to discuss the International Technical Con- 


gress and the World Engineering Conference. 
ing Engineer, Col. 


Left to right—front row: Morris Cooke; Consult- 
Antoine, President of the International Technical Congress, Col. C. E. 
Davies, Secretary of the American Society of Mechanical Engineers; M. 


Chalon, President of 


the Societe des Ingenieurs Civils de France; Fenton Turck, president of Turck Hill (Consulting 


Engineers) Company. 


Back row, left to right—E. R, Purves, Director of Public and Professional 
Relations. The American Institute of Architects; 


M. Mennier, Organizing secretary for the 


World Engineering Conference; George Gilles; President of the Federation of French Engineer- 
ing Associations and Societies; W. J. Hargest, McGraw-Hill Publishing Company, Ltd., London 
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Right you are, Mr. Plant Operator, in wanting Magnesium parts. Wrapping machines, food 
assurance that the magnesium going into your preparation equipment, and the like, with mag- 
machinery and equipment can take the punish- nesium parts—all stood the terrific strain of 
ment you'll give it. Here’s a sample of such day and night operation throughout the war 
evidence— years. And they’re still going strong. 

You saw magnesium “take bumps a’plenty” Yes, magnesium can take it. So, if vou're 
during the war. Planes used millions of pounds interested in speeding up your equipment by 
of American Magnesium products where de- incorporating this efficient, dependable weight 
pendability was paramount. saver, get in touch with the nearby Alcoa office. 

At home, in industry, high-speed knitting Or write ALUMINUM ComPANY OF AMERICA, 
machines turned out greater quantities of Sales Agent for American Magnesium Products, 
materials because of their lightweight American 1702 Gulf Building, Pittsburgh 19, Penna. 


MAGNESIUM PRODUCTS 


sussipiary OF 


A UMINUM COMPANY OF smcatei 
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Chart for Solution of Oblique-Angle Triangles: 


L. KASPER 


THIS CHART has been constructed to solve oblique-angle tri 
angles when accuracy to the nearest degree and the nearest unit 
of linear measurement is sufficient. 

The figures along the top of the chart represent units of length 
on the sides of the triangle when followed along the arcs. ‘The 
same figures, when followed along the vertical perpendiculars, 
indicate units of length on the base of the triangle. The horizontal 
lines represent units of length in the vertical height or altitude 
of the triangle. The lines converging at the center indicate the 
angles of the three apexes°of the triangle. 

Phe following example is solved on the chart (see heavy lines) 
Given: Oblique triangle of sides A, B, and C. 

Side B = 15.5 

Side C = 22 

Angle b - 


30 deg. 


Regurrep TO Finp: Magnitude of Angle a, Angle c, Height H, 
and Side A. 


SoL_urion: From the center, follow the 30 deg. line on the left 
to the point of intersection with arc 22. This intersection occurs 
at the horizontal line 11. Follow midway between arcs 15 and 16 
on the right to the point of intersection with line 11. ‘This 
intersection occurs at the 45 deg. line. ‘The triangle is now com- 
pleted and the results can be read from the chart. Height H 
equals 11; Side Aequals 19 plus 11, or 30; Angle C equals 45 deg. 
and Angle a= 180 — (b+ c) 


When the dimensions of the triangle being solved exceed the 


105 deg. 


range of the chart, the known sides are reduced proportionately, 
the angles remaining unaltered. Upon solution, the lengths of the 
sides indicated by the chart are increased accordingly. 





72 
75 78 81 
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MAN’S ABILITY TO PRODUCE IS LIMITED ONLY BY THE SUBSTANCES HE USE: 





EXPLORING WITH SIRVENE-—opens new frontiers in product developmen 


When new product designs are stymied by extraor- 
dinary protection or sealing problems, Sirvene 
engineers can help you work out the answer. 
Proceeding beyond established formulae, they 
develop a new Sirvene compound for each appli- 
cation and design a new pliable part which will 
meet difficult operating conditions. 

Every possible combination of oil resistant elas- 
tomers is explored in the production of Sirvene 
mechanical pliables. Manufactured under strict 








laboratory control and subjected to constant tes 
for uniformity, each Sirvene part possesses 
proper degree of elasticity or hardness; will mai 
tain dimensional stability in contact with wate 
oil, gasoline and other solvents; and remain fle 
ible in extremes of heat or cold, as performanc 
specifications demand. 

Sirvene’s vast laboratory, research and produ 
tion facilities are always at your disposal whe 
you need unusual pliable parts. 











I a 1 rs ‘yr 
SIAVENE 


A Product of the Synthetic Rubber Division 


1305 Elston Avenue Chicago 22, Illinois 


e Engineers are pioneers in the field of scientific compounded elastomers. Since 
they have acquired an unequalled background of research, development and man 


g experience. This unique reservoir of experience is always at your service 
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Chart for Solution of Right Triangles 


L. KASPER 


THIS CHART has been constructed to solve right triangles when 
accuracy to the nearest degree and nearest unit of linear measure- 
ment is sufficient. 

lhe main body of the chart is a 45 deg. right triangle with 
the figures along the hypotenuse representing the units of measures 
ment of the two perpendicular sides of the triangle to be solved. 
The horizontal lines represent the long leg of the triangle, and 
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obtain greater accuracy. 
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when two sides are known, is solved on the chart 


the vertical lines represent the short leg. The left side of the 
chart represents units of linear measurement of the hypotenuse 
of the triangle being solved. Although these latter figures coincide 
with the horizontal straight lines, they apply to the 


urved lines 


terminating at the respective points 
The following example, involving solution of a right triangle 


see heavy lines.) 


Given: Right triangle of sides 
A, B, and C. 

Side B= 7 

Side C 26 
RrgurreD TO inp: Magnitude 
of Angle D and Side A. 
SotutTion: Follow horizontal line 
26 and vertical line 7 to the 
The near- 


est angular line, is followed up 


point of intersection. 


ward to angular scale. Read 
Angle D equals 15 deg. ‘The 


curved line nearest the point of 
intersection is followed to the 
left. Read Side A equals 27. 


Example for use of chart when 
one side and the angle included 
between the long leg and the 
hypotenuse are known: 

Given: Right triangle A, B, C. 
Side B = 7 
Angle D 

REQUIRED TO FIND 

of Sides A and C. 

SoLuTiIon: Follow vertical line 7 

up to its intersection with angular 

line 15. 


15 deg. 


Magnitude 


From this point of 4n- 
horizontally 
across to right gives C 


tersection, reading 
equal to 
26; following the curved line to 
the left gives A equal to 27. 

If angle E is given instead of 
angle D, first find angle D from 
D 90 — I 
ind then proceed as indicated in 

the foregoing. 


When the 


dimensions of the 


required triangle are such that 
one or both known sides are 
greatcr than the range of the 


chart, the sides can be reduced 


proportionately to bring the so 


lution within range. Upon solution, the lengths of the sides in 
dicated by the chart are increased accordingly. When the point 
of intersection falls at the lower end of the chart, the 
of the triangle being solved can be increased proportionately to 


sides 
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Aluminum on Steel! 


The coating of sheet steel with aluminum for resistance to heat and cor- 
rosion was an important milestone in Armco Research, ARMco Aluminized 
Steel has a desirable combination of properties. It has the strength of steel, 
and the atmospheric corrosion resistance and high radiant heat reflectivity 
of an aluminum coating. And it resists destructive heat scaling up to 
1600°F. Aluminized Steel is giving important advantages to many de- 
signers—helping them make more attractive, longer-lasting products. Con- 
sider this new special-purpose steel when designing your products. Write 
for the informative booklet, “Armco Aluminized Steel.” The American 
Rolling Mill Company, 4413 Curtis Street, Middletown, Ohio. 


SPECIAL-PURPOSE SHEET STEELS 


THE AMERICAN ROLLING MILL COMPANY 
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WEW WATER! 


INDEX OF ITEMS tion, the regulated voltag i °° raised 

















or lowered manually by small increments 
until either limit of the voltmeter band 
reached. ‘The voltmeter automatically 
takes over the control and brings the volt 
we back to the center of the voltmeter 
Product Manufacturer Page band. Manual raise and-lower switches of 
; the momentarv-contact push-button type 
I gaa vine oka kecandenmacsaneee Handy & Harman 168 : eae vA , 4 
Assemblies, Pilot Light ssaSciats finial laietacae wien Dial Light Co. 168 control the Opcrating mechanism when Ch 
Attenuator, Tone Compensating............. ....The Daven Co a automatic-manual selector switch 1 on 
Ball Bearings, Angular Contact..................... Miniature Precision Bearings : ; “4° \ ‘e { 
Cable Hanger Assembly ...se++eTinnerman Products, Inc 180 the manual or test pomson —— “a 
Capacitor, Air ..... ; + ....North American Philips Co 166 Inductrols range from 32 to 57 Ib. d 
Couplings, Chain Bag ...The Smith Power Transmission Co..... 176 nending upon the rating and the d = 
Cylinder, Hydraulic Booster ; ..Askania Regulator Co 174 a a =e 5 
Dampener, Pulsation ... . ee gl aati eae J. A. Campbell Co 168 
Equalizer, Diameter ... Sp eeham nite kc uae ....Cinema Engineering Co 164 
Filter, Oil .... : svecccesc te is TEE ae. - 170 
Furnace, Heat-Treating Pereny Equipment Co 174 H 
Glue, Resin . . National Adhesives . 166 Electronic 
Hydraulic Unit .Electrol, Inc. . 168 Potentiometer-Pyrometer 
Hydraulic Power Unit... meas Doe patel B. F. Perkins & Sons, Inc. : 174 
Idler, Belt Conveyor . eaeeoe Chain Belt Co....... 170 a ite ~ ee 1 
Industrial Intercom Units sss... Executone, Inc. ; 168 Bailey Meter Co., Cleveland 19, Oli 
ae Nig EE BiSisIe tit entiaceisin initio bio @inie sereisiar ange ly Pi 5 i Unit has no continuously moving or vibrat 
Motor, Hydraulic Fe _....Superdraulic Corp. 172. Ing parts in its measuring circuit. It 1 
Nozzle, Spray Dry beste ... Spraying Systems Co 172, cords one or two temperatures on a 12 in 
Potentiometer-Pyrometer, Electronic . Bailey Meter Co.... = 165 
Pump, Hydraulic ; ...The Mcintyre Co ; ; : wee. 166 
Pyrometer, Portable ... The Wheelco Instruments Co inca 
Regulators, Induction Voltage ..General Electric Co... 165 ; i 
Relays, Heavy-Duty Signal Engineering & Mfg. Co 170 NE WAL a 
R-F-Probe .. Radio Frequency Laboratories, Inc _.178 
Starters, Motor The Master Electric Co 170 
Strain Relief ... dina .... Heyman Mfg. Co 180 
Switch, Appliance .... Setaiets isucketonenes Trilmont Products Co 180 
Switch Control Unit, Remote .Arens Controls, Inc 172 
Tachometer ; es soon ....!deal Industries, Inc 174 
Temperature Control] Unit oe A Are ..... Claud §,. Gordon Co 176 
Tester, Insulation Resistance Ideal Industries, Inc.. f 166 
Thermometer . ; ; W. C. Dillon & Co 178 
Thermostat Cam-Stat, Inc, 168 
Transometer Askania Regulator Co 174 
Valve, Air Ross Operating Valve Co 178 
Valve, Three-Way Grove Regulator Co 172 ; 
Valve, Two-Way .. Electrol, Inc. 180 j 
Valves, Contro] _.. . Hammel-Dahl Co. 170 : 
Valves, Lubricated Plug American Car and Foundry Co 172 j 
Vibration Isolator Finn & Co 180 
Vibro-Insulators . The B. F. Goodrich Co 170 
induction Voltage Regulators voltage-regulating relay that re sponds to i 
changes in the load voltage and actuates ‘ ——~ 
General Electric Co., Schenectady 5, the operating motor through a moto: THERMOCOUPLE 


N. ¥. control relay. Manual control, automatic 
Available in 300- and 600-volt-amp. rat- operation, or “test” can be selected by dia. uniformly graduated chart and in 
ings, these Inductrols are made in two means of a switch on the unit. When  dicates on a 29 in. scale that encircles the 
designs: Hand or motor operated for pro- the selector switch is on the “test” posi recording chart. This indicating, record 
viding a variable output voltage from a ing and controlling instrument requires a 
relatively constant supply voltage; and 
automatic for maintaining closely regu 
lated output voltage from a varying supply 
voltage. The absence of brushes elimi- 
nates radio interference and reduces main- 
tenance. Wave-form distortion is non- 
existent and the units have no effect on 
the power factor of the circuit in which 
they are used. Inductrols are designed for 
continuous operation with a temperature 
rise not to exceed 55 deg. C. Control of 
automatic Inductrols is provided by a 


115 volt, 60 or 50 evcle, a.c power supply 
It operates from a thermocouple or from 
any source of d.c. potential that varies 
through at least 10 millivolts for full scale 
range. Conventional thermocouples ar 
used for temperatures to 3,000 deg. |} 

For temperatures above 3,000 deg. F. and 
for moving objects above 1,500 deg. F. 
radiation type thermocouples are used. The 
d.c. potential of the thermoc ouple or other 
primary element is balanced against a 
conventional potentiometer circuit employ- 
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NEW MATERIALS AND PARTS 





ing the usual battery source of d.c. voltage 
and a standard cell with manual stan- 
dardization. Instead of a galvanometer or 
millivoltmeter, the Bailey Pyrotron Po- 
tentiometer circuit employs a ac. to a.c. 
converter and an electronic detector, to 
measure potentiometer unbalance 


Hydraulic Pump 


The McIntvre Co., 726 Riverdale Ave., 

Newton 58, Mass. 
The Series 700 pump is designed for high 
pressure application. Four models displace 
from 0.4 to 9.6 gal. per min. at speeds 
ranging to 1,750 r.p.m. against working 
pressures to 1,000 Ib. per sq. in. Standard 
models are designed for direct motor ap- 





plication, but pumps can be furnished for 
Hange, belt, spline and other drives. Power 
requirements vary betwen fractional to 64 
hp. The pump body is constructed of 
aluminum with nitrided nitralloy gears. 
Seal chamber pressures are relieved to the 
suction side of the pump. 


Resin Glue 


National Adhesives, 270 Madison Ave., 
New York 16, N. Y. 
A cold-run, fast-settmg resin wood glue 
known as Wood-Lok. It is a liquid and 
does not harden in the pot. Its charac 
teristics never change during shipment, ap 
plication or use. Wood-Lok has no odor, 
dries coloricss, and its colors range from 
uniformly controlled pure white to darker 
Shades for special uses. 


Diameter Equalizer 


Cinema Engineering Co., 1510 W 

Verdugo Road, Burbank, Cal. 
Capable of equalizing 8 decibels at 5 in. 
recording disk diameter down to zero 
decibels at 12 in. dia. at 10,000 cycles, 
this equalizer is listed as type No. 3991. 
It is adjusted automatically as the cutting 
head of the recording lathe progresses 
across the disk. A spring-return arrange 
ment controls the action and can be cord 
connected to either the cutting head or 
the carriage of the lathe. Insertion loss is 
10 decibles. Impedence is 500 ohms. Easy 


166 












to mount on any flat surface convenient 
to the alignment of the cord and cutting 
head. ‘The equalizer is provided with a 
bracket that extends 2-13/16 in. from the 
equalizer housing. The unit is 3-3 in. 
diameter and 3-3 in. in height. 


Air Capacitor 


North American Philips Co., Inc., 100 
East 42nd St., New York, N. Y. 
Unit consists of two sets of concentric 
aluminum cylinders, which are moved to 
gether or apart along a common lon 





gitudinal axis by means of a screw. Rotor 
and stator are one-piece assemblies and 
have a low value of inductance. Less than 
4 in. in diameter and 1-7/16 in. in length, 
the units are useful to bevond 500 mega 
cycles for trimming or tuning. Capacitance 
range is 3 to 30 mmf. and linear relation 
ship covers 27 mmf. over three full rota 
tions. ‘The trimmer has two solder termi 
nals and is light enough to be mounted 
directly on connecting leads. 


Pulsation Dampener 


J. A. Campbell Co., 645 E. Wardlow 

Rd, Long Beach 7, Calif. 
The Micro-Bean is available in_all-brass 
and all-steel with stainless steel stem. No 
piston is required. ‘Temperature is claimed 
to have no affect on the viscosity and 
surface tension of liquids within the line. 
To overcome scoring, a screw is provided 


that when turned slightly brings back the 
seating to perfect control. ‘The scores can 
be eradicated by opening and closing the 
valve tightly several times. The Micro- 
Bean is stocked in three I.P.S. sizes( fe- 
male connections on each end) 4, %, and 4 
in. for pressures up to 6,000 pounds. 


Insulation Resistance Tester 


Ideal Industries, Inc., 
Svcamore, IIl. 


An instrument for checking insulation re 
sistance in a.c. and d.c. equipment. En- 
tirely self-contained, the necessary power 
is provided by a small internal hand gen 
erator operated by a slowly turning crank. 
The crank can be turned in either direc 
tion. Correct testing voltage is indicated 
by two small button lights that glow at 
500 volts d.c. When the crank is turned 
faster than necessary an electronic voltage 
regulator controls the voltage to the meter 


1446 Park Ave., 
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Call 


JOHNSON BRONZE 


in 


CAMBRIDGE, MASS. 


ATLANTA 


BUFFALO 
CHICAGO 
CINCINNATI 
CLEVELAND 
DALLAS 
DETROIT 
KANSAS CITY 
LOS ANGELES 
MINNEAPOLIS 
NEW YORK 
NcWARK 















Excellent Delivery on 


Cast Bronze Bearings 


All your requirements in cast bronze bearings 
... particularly in the larger sizes ... can now 
be secured in days... not months. Our new 
and enlarged facilities plus the return of over 
five hundred skilled servicemen has made 
this excellent delivery possible. 


On standard stock items ... UNIVERSAL Bronze 
Bars, G. P. Bearings, Electric Motor Bearings 
... wecan ship your order the day it is received. 


Why not check your requirements NOW? Send 
us your prints and your specifications. Remem- 
ber, only Johnson Bronze makes every type of 
Sleeve Bearings...and every item we manufac- 








PHILADELPHIA 
PITTSBURGH 


“aan JOHNSON BRONZE COMPANY 


SEATTLE 508 South Mill Street ’ New Castle, Pa. 


ture is top quality. Write, wire or call—TODAY. 
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so that a true reading is obtained. ‘Test 
range is 0-100 megohms; case, hghtweight, 
two piece aluminum; meter, 1D’ Arsonv: il 
type; test leads, 10 ft. long; dimensions, 
3-8 x 6 x 3-4 in.; weight with leather carry 


ing case is 3 pounds. 


Thermostat 


Cam Stat, Inc., 2037 S. La Cienega, 

Los Angeles, Cal. 
The Model CDI109A Cam-Stat is de 
signed to provide the maximum safety 
factor as no electrical parts are exposed 
underneath the screen. All current carry 
ing parts are inclosed within the plastic 
housing behind the wall plate. ‘Vhe Cam- 

















Stat Model CD109A is suitable for either 
line voltage or low voltage currents. Cur- 
rent carrying capacity is 1,500 volt-amp., 
+ hp., and 125 volt-amp. pilot duty at 
120 through 240 volts a.c. Range is stan- 
dard at 50-100 deg. F. with a differential 
of 2-3 deg. F. Switching arrangements are 
single-pole, single-throw break or make 
on= temperature rise, single-pole, double- 
throw and independent circuit double- 
throw. 


Portable Pyrometer 


The Wheelco Instruments Co., 
Harrison St., Chicago, III. 
A high resistance meter movement con- 
sists of baked, processed coils, supported 
by two lapped pivots resting in two pol- 


847 W. 


—— 
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ished sapphire jewels. An Alnico #5 mag 
net, resistant to shock, heat, vibration and 
stray fields insures sensitivity. A calibrated 
Briguet spiral automatically corrects every 
reading for variations in cold junction tem- 
perature. ‘lo protect the meter when in 
strument is not in use, a shunt lever is 
provided. Plug-in extensions are available 
in either straight, 45 or 90 deg. angle 
types. Adapters permit the choice of mate 
rial and calibration of thermocouples. ‘The 
pyvrometer is contained in a sealed, dust- 
proof, aluminum case having a “pistol 
grip” handle, which may be locked in a 
horizontal or vertical position for ease of 
operation. A 3 9/16 in. reflector scale 
prevents parallax errors in reading. Dual 
Iron Constantan scales are calibrated from 
0 to 600 deg. F. or 0 to 1,000 deg. F. 
with centigrade equivalents) and dual 
Chromel-Alumel scales are calibrated from 
0 to 1,600 deg. I’. or 0 to 2,500 deg. F. 
(with centigrade equivalents 


Pilot Light Assemblies 


Dial Light Co. of America, Inc., 900 

Broadway, New York 3, N. Y. 
This series is designed on the light-shield 
principle—to direct a beam of light within 
a rotation of 360 deg. A turn of the 
knurled head directs the light on any local- 
ized spot, at any desired angle. Housing 
and shield are made of brass. The head 
is a friction fit to the body permitting full 
rotation. It is secured by a snap lock and 
will not loosen under vibration. Units 
with different sizes of openings in the 
shields are provided as follows: Model with 
different sizes of openings in the shields 
are provided as follows: Model No. 21408 
has opening 4 x 4 in.; provides maximum 
illumination. Model No. 89408 has open- 
mg 7; x te in. Model No. 90408 has 
opening 4 x x in. Model No. 22408 has 
opening 4 x gs in. The overall size of the 
unit is approximately 2} x 1 in. The units 
have a built-in resistor for use with the 
NE-51 neon lamps on 110 and 200 volt 
circuits. Resistor value suits the voltage 
and can be varied to obtain more light 
or longer life for special conditions. 


| 


m= 





Industrial Intercom Units 


Executone, Inc., 415 Lexington Ave., 

New York 17, N.Y. 
A dust and moisture-proof, metal-housed 
unit. Equipped with a call-origination but 
ton, the remote type Model C-22 permit 
the user to receive a call and reply from ; 
distance of twenty feet without approach 
ing the station. The pnvacy type Model 


C-26 has a toggle switch for call origina 


tion. Concealed terminals permit safe and 
positive wiring connections. Louvers pro 
tect the microphone-speaker. Designed for 

rigid mounting on wall or partition, these 
units measure 6 x 6 x 3 in. 
wired directly to any standard Executone 
central control master station. 


Silver Brazing Alloys 


Handy & Harman, 82 Fulton St., New 
York 7, N.Y P 
The alloys are called Easy-Flo 45 and 
Easy-Flo 35. Easy-Flo 45 is a 45 percent 
silver alloy, and contains copper, zinc and 
cadmium. It has a low melting range— 
1,120 to 1,145 deg. F. The joints pro 


duced between ferrous, nonferrous and dis 


similar metals are claimed to be strong, 


ductile, leak-tight. The 35 percent alloy 
has a wider melting range—1,115 to 1,295 
deg. I. It is claimed to form joints be 
tween ferrous or nonferrous metals that 
are high in strength ayd ductility and 
can be used in places where a high work 
ing temperature is not objectionable. 


Hydraulic Unit 


Electrol, Inc., 85 Grand St., 
N. T. 
A complete hydraulic system consisting of 
hand pump, two separate four-way selector 
valves, relief valve and reservoir. Power is 
supplied by a hand pump, but ports for 
connecting pressure and suction lines of 
a power-driven pump are provided when 
such an installation is desired. Known as 
the Powerpak, this unit has standard parts, 
is light weight, and is designed to use 


Kingston, 
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EW FACTS .. . SPECIFICATIONS . . . RECOMMENDATIONS 


ou should huow about Lock Washers 


From the latest American Standards Specifications right on through 
to what to use and where. That’s how complete this new Diamond 
G Lock Washer booklet is. On the right are shown some of the pages 
from this new book. In addition there are many other facts that 
every design engineer, production manager, purchasing agent and 
other executive should have at his finger tips when buying or 
specifying lock washers or other fastening devices. 


This book is just part of the complete service the Diamond G man 
has to offer you. He is ready to help you with data and engineering 





advice ... plus supplying you with a complete line of flat and 
lock washers—from No. 0 to 2” in all materials and finishes. 
For quick deliveries, high quality and product satisfaction 
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GEORGE K. GARRETT CO., INC. 


1421 CHESTNUT STREET, PHILADELPHIA 2, PA. 
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standard pipe plugs. Exclusive of the 
handle, the Powerpak stands 44 in. high 
and the base measures 34 by 4 in. It can 
supply operating pressures to 1,500 Ib. per 


Sq. il. 


Control Valves 


Hammel-Dahl Co., 243 Richmond St., 
Providence 3, R. I. 
hese valves are of the threeway type and 
the position of the diaphragm-operated 
valve plug determines the diversion of flow 
between the two outlet ports from 0-100 





percent flow. They are available in sizes 
4 to 6 in. inclusive, in cast iron, steel, 
bronze, or in stainless steels available in 
cast form. They are suitable for operation 
with standard 2-15 Ib. air output control- 
lers or for controllers requiring special 
spring rangers. For high temperature serv- 
ice, airfin bonnets are available. 


Oil Filter 


C. M. Fuller Co., 2043 Santa Fe Ave., 
Los Angeles 21, Cal. 
Called ‘‘Engine-Life”’, this filter is made 
in different cartridge sizes to fit all cases. 
A strong and flexible circular seal is built- 


in as an integral part of the element. The 
cylindrical perforated core is made from 
~ 





heavy, non-corroding alloy steel. Lamina- 
tions within the filter element are com- 
posed of several types of long-fiber, non- 
shrinking textiles. Each layer is a separate 
ibsorbent unit. 


Vibro-Insulators 
The B. F 


Listed as 
+ 


devices of 


Goodrich Co., Akron, Ohio. 
Nos. 130, 133, and 144, these 
rubber and metal cushion equip- 
ment of all types. ‘The rubber is of 45 
durometer hardness and is claimed to‘give 
quieter operation, greater stability of equip 
ment and vibration absorption. ‘Type 130 
carries maximum recommended load of 
132 lb. with the maximum deflection at 
that load 3/16 in., and the minimum dis 
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turbing frequency 1,200 per min. Maxi- 
mum recommended load for type 133 is 
180 lb. maximum deflection at that load 
5/32 in. and minimum disturbing fre 
quency 1,200 per min. ‘Type 144 is recom 


mended for a maximum load of 60 Ib., 
maximum deflection at that load is 4 in. 
and minimum disturbing frequency 1,350 
per minute. 


Belt Conveyor Idler 


Chain Belt Co., 1600 W. 
Milwaukee 4, Wis. 


Known as the Rex Roller-Bearing Style 
No. 55RC, this idler is built of a flat-bar 
steel helical spiral, covered with rubber. 
Ihe spiral is mounted on a standard as- 
sembly, is machine-formed and perma- 
nently welded to the bearing tube. The 
spiral itself is composed of mght and left 
hand sections to insure centering the belt. 
Fach end of the roll is equipped for high 
pressure grease lubrication, and is fur- 
nished with hydraulic type fitting. This 
idler is claimed to retard ice forming on 
the roll because of rubber to rubber con- 
tact. There is no “build-up” on the spiral 
because of the shifting point of contact. 


Bruce St., 


WS 
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Heavy-Duty Relays 


Signal Engineering & Mfg. Co., 164 W. 
14th St., New York, N. Y. 
A unit having a contact capacity of 50 
amp. at 115 a.c. or 24 volts d.c. Contact 
arrangement is double-pole single-throw, 
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with two breaks per pole. Relay has a 
cast aluminum frame, which is black ano- 
dized. Armature is carried on a stainless 
steel shaft journaled in Ojilite bearings, and 
can be counterbalanced to minimize effect 


of shock and vibration. When specified 
electrical contacts are of silver or special 
alloys. ‘The magnetic circuit provides high 


working pressures at the contacts, with a 
power consumption of less than 3.5 watts 


on d.c. coil windings, and 8 watts on a.c. 
coils. Coil windings are sealed against 


moisture and can be supplied with high 
temperature insulation when specified. Coil 
voltages to 230 volts. Overall dimensions: 


4x 44 x 24 in. Weight: 1% pounds. 


Motor Starters 


The Master Electric Co., Dayton, Ohio. 
These units are of the solenoid type with 
vertical straight line motion, and use 
bridging-type contacts. ‘The use of a single 
button together with ‘‘on,” “‘off,’”’ indicat- 
ing flag simplifies starting and stopping 
operations by eliminating one push but- 
ton. ‘The single button is furnished in 
starter where the control is located in the 
cover, and in remote control stations. In 
the latter, the mechanism consists of the 
single push button operating through a 
toggle to perform three functions when 
starting: Close the contacts of the control 





circuit in the 
the starter 


remote 
sole noid 


station to energize 
coil, close the main 
contacts, and energize the holding magnet 
in the push button station; lifts the “off” 


flag from the window leaving only the 
“on” flag visible: moves the bar of the 
holding magnet against the core to main 
tain pressure on the control circuit con 


tacts after the push* button has been re 
leased. To stop the motor, the push but- 
ton is again pressed. This operates the 
toggle in the opposite direction and opens 
the control circuit contacts to de-energize 
the starter solenoid coil and remote sta- 
tion holding magnet and allow the main 
starter contacts to open. De-energizing 
the remote station holding magnet also 
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BOTH THESE PIECES OF 


TUBING ARE THE SAME—<« surface area 





The one-inch length of Wolverine Trufin* 
—the integral finned tube—(with 7 fins 
per inch) has the same surface area as the 
long nine-inch length of plain tubing. 
Both are 1” O.D. What does this com- 
parison suggest to you? 


Of course, compactness, efficiency and 


LVER yy 


TUBE DIVISION 





> ao 


CALUMET & HECLA ‘| i" V / CONSOLIDATED COPPER COMPANY 


1411 CENTRAL AVENUE © DETROIT 9, MICHIGAN 
In Canada: UNIFIN TUBE CO., LONDON, ONT. 
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If you want high efficiency in your heat 
transfer equipment, consider the many 
advantages the use of Trufin has for you. 
Our Engineering Department can draw on 
a wealth of experience to help you with 
any heat transfer plans you may be con- 
templating. 


*Catalog No. 074042 













WHO'S WHO AMONG WOLVERINE REPRESENTATIVES 


F. R. MEIER 
60 E. 42nd ST 
New York 17, N. Y. 


Tel. (New Jersey) Market 2-1526 
(New York) Murray Hill 2-8430 


Who serves the upper 
half of New Jersey 
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allows the “‘off’’ mdicating flag to drop 
and become visible in the window. One 
single-button remote control station can 
be used with a starter of any voltage 110 
to 550 or frequency 25 to 60 cycles. With 
starters having the push button located 
in the cover the mechanism is the same as 
in the remote station except that no hold 
Ing magnet 1s required, Vhis function is 
performed by the armature of the solenoid. 
For applications where multiple remote 
contro) of a single starter is required the 
conventional two-button station is avail 
able. The starter inclosures are of heavy 
sheet metal, finished externally in machine 
tool gray and internally with aluminum 
lacquer. Covers are held in place with 
quarter-turn Shakeproof fasteners. Each 
contact bridge has contacts on both sides 
so that when worn, the bridge is removed 
and turned over to give new contact sur 


faces. All contacts are of special silver 
alloy. 


Hydraulic Motor 


Superdraulic Corp., Dearborn, Mich. 


Known as the Superdraulic ‘Triport motor, 
this unit has a 47 hp. motor, 104 in. in 
diameter. The torque ranges to 200 Ib. ft. 
The motor is available in two types: One 
rated at 26.5 gal. per min. with 3,500 Ib. 





per sq. in. input at 1,200 r.p.m.; the other 
at 19 gal. per min. with 5,000 Ib. oa sq. 
in. at 1,200 r.p.m. This motor is claimed 
to have infinitely variable speed control, 
forward and_ reverse; starting without 
clutches; and control of acceleration and 
deceleration. 


Remote Switch Control Unit 


Arens Controls, Inc., 2253 S. Halsted 


St., Chicago 8, Il. 
The remote switch control has a flexible 
steel casing and can be mounted at any 
convenient location. The casing can be 
carried to the switch box located either 
adjacent to the motor or convenient to 
the wiring. This eliminates rewiring op 
erations. ‘The control head can be mounted 
by a & in. hole through a panel. With a 
simple bracket it can be mounted parallel 
to a table or on the edge of a frame or 
support. If desired, an oil and waterproof 
covered casing can be obtained. The cas 
ing may be cut to the exact length re 
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quired. ‘The switch box includes a 10 amp. 
switch constructed of cast alumi 
num with a metal cover and threaded boss 
to take the standard 4 in. conduit. 


and is 


Spray Dry ‘Nozzle 


Spraving Systems Co., 4085 West Lake 

Street, Chicago 24, II]. 
A large capacity built without a 
strainer. Monel strainers can be 
supplied if required. Standard nozzles of 
this type are made of stainless steel and 
wearing parts are either hardened steel or 
tungsten carbide. The core, or spinner, 
floats in the cap of the nozzle. When the 
nozzle is in operation, the pressure of the 
liquid holds the core in position. The float- 
ing core simplifies cleaning and_ replace 
ment. This nozzle is built in sizes to meet 
the capacity and spray-angle requirements 
of all dryers using single nozzles. 


uit 
screen 





Three-Way Valve 


Grove Regulator Co., 65th @& Hollis 


Sts., Oakland 8, Calif. 


Using a flexible molded synthetic rubber 
tube, encased within a plastic body, this 
Flex-tube three-way valve is designed for 
handling all types of fluids, including gases, 
chemicals and liquids. Manual operation, 
by an over-center cam, opens and closes 
the ports at each half turn of the hand 
wheel. A self-locking feature assures tight 


shut-off over extended periods of time. 
Available in 4 and 4 in. I.P.S., these valves 
are furnished for pressures to 250 lb., and 
maximum temperatures of 150 deg. F. 





Flood Light 


Radiant Lamp Corp., 

Newark §, N. J. 
A heat-resisting glass eliminates the neces 
sity of using metal reflectors, as the lamp 
resists thermal shocks. ‘This glass also 
makes it possible to furnish 500 watt lamps 
with R40 bulbs and bases that fit in 
ordinary fixtures. ‘The internal reflecting 
surface is not affected by dirt or corrosion. 


300 Jelliff Ave., 


Light is directed where required. Avail 
able sizes include 300 and 500 watt. 


Lubricated Plug Valves 


American Car and Foundry Co., 30 
Church St., New York 8, N. Y. 
Cast steel valves in series 150 and 300 in 
sizes 4 to 8 in. These units are adapted 
for high pressures and temperatures. Thc 
cast steel has great abrasion and corrosion 
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THE PROBLEM: An important component in an 
air-operated control instrument, this sand 


casting was unsatisfactory. Although tinned 
to prevent porosity, there were many rejec- 
tions due to pressure leaks —but this could 
be determined only after intricate, costly 
machining had been completed. Also, the 
casting’s natural surface roughness was un- 
attractive. 


NON-FERROUS 


When SCOVILL becomes your METAL-PARTner 
PRECISION FORGINGS LIKE THESE MAY PREVENT 
REJECTIONS OF EXPENSIVELY MACHINED PARTS 








SCOVILL’S SOLUTION: Although the initial cost is higher than the sand casting it 


ae oe oe ae replaces, this Scovill precision forging makes possible over-all savings for the 


If the metal parts vou’re now using are 


net Gulitely setidecters. % eoay te manufacturer. The dense grain structure of the forging eliminates all expensive 
worth your while to call in Scovill. Long rejections due to porosity and, at the same time, furnishes a smoother, more at- 
experienced in every phase of non-ferrous tractive finish which improves the appearance of the product ... A typical example 
forging, and with complete facilities for ; 


secciaton machiniag, we have solved of how Scovill combines improved quality with lowered cost. 
many complicated problems by carefully 
considered changes in method or design. 
With Scovill as your METAL PARTner, 
this broad experience is immediately 
directed towards getting the improve- 
ments you want—in quality, perform- 
ance or economy. Let us tell you how 
... Fill in the coupon and mail it today. 
Scovill Manufacturing Company, Water- 
bury 91, Conn. Export Department: 405 











Lexington Avenue, New York 17, N. Y. 
% J a Z ” 


- 











Please send me information about your metal-working facilities. > : 
1 am interested in non-ferrous forgings for the anclations SCOVILL MANUFACTURING COMPANY 
checked: Forgings Division 
QDAircraft CFire Extinguishers 11 Mill Street 
(Automobiles (Household Appliances . 
(Band Instruments (Industrial Instruments Weetatinnty Oh, Conneationt 
(Blow Torches (Plumbing Goods 
C)Cameras () Pumps EPRI: «sasssenissncnnninacnsinonsenesdtienshaslinnshansstenuhannssinisihiiniinicednaninininadaniamalila - 
CJCommunication Equipment L)Valves 
()Cylinder Valves () Welding Equipment 
SII os cicersocinneeescasnanqnemntinigy tetenasnnnccemnsnnnsabainatniicincinnpiiianineiiiidiin - 
I asst intcinstannsionsntsnnbengeinaniilinearias daetdba tea taadee 
tliielihacsehdch he tilhSisdlindennintsceglensinsuajine nish einioelppencesticetsiigahttillcininhaaticimianiti BD scccsnsstaccsnestsccnsnscsisiitedlinanblaeetinlatiactialaitaitsesnlitian bilities potemmenniainen eens 
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resistance. Applications for these valves 
include high pressures in oil field produc- 
tion work, process plant application, and 
refining installations. 


Permanent Magnet 


The Homer Mfg. Co., Inc., Lima, Ohio. 
Designed for use with all types of free 
flowing solid or fluid materials from which 
tramp iron or steel must be extracted. ‘The 
magnet exerts a 12 Ib. pull on a 1 in. an 
nealed steel ball at an angle of 45 deg. 





A cast alumimum frame makes it possible 
to attach the Homer ‘Triple-Air-Gap_ pet 
manent magnet to any equipment without 
the use of insulating materials. 


Heat-Treating Furnace 
Pereny L-quipment Co., 842 N. Pearl 
St., Columbus, Ohio. 

Utilizing temperatures to 1,850 deg. F., 

this unit is known as Pereca Model 220-W. 

It is built for either laboratory or produc 

tion work. This includes hardening, an 

nealing, drawing, carburizing or melting 
metals preheating high speed steels, melt 
ing or annealing glass, ceramic firing, and 
baking enamels to metallic surfaces. It is 
insulated, has a wall-thick hinged door, 
and has resistance-wire wound embedded 

elements for heating. It operates on 115 

volts and draws 1,500 watts. 
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Hydraulic Power Unit 


B. F. Perkins & Sons, Inc., Chicopee 
St., Holvoke, Mass. 


his unit consists of a high pressure hy 
draulic pump, clectric drive motor, relief 
valve and oil reservoir enclosed in an outer 
housing. ‘lhe upper part of the housing 
is formed by the oil reservoir with a cast 
aluminum cover. The cover is designed 
to exclude air-borne dust particles .and is 
fitted with a filler cap, an air strainer, and 
bayonet-type oil level gauge. A wire mesh 
oil strainer excludes foreign material from 
the pump suction line and a baffle plate 

| 


icross the tank prevents surging from the 


system return port. Ihe reservoir 1s 
supported at cach end by steel plates 
bolted to the one-piece cast base. ‘The 


lower part of the housing has removable 
side plates with louvers for air circulation 
and cooling. Base plate is drilled to re 
ceive the pump drive motor and pump 
mounting bracket. Motors are standard 
1,800 r.pan., open type, unless otherwis¢ 
Pump is a constant displace 
tional piston 
in two capacities 


specified. 
ment non-dire 


type and is 
wailable 


1.25 gal. per 
3,000 Ib. per sq. in. continuous 
operation, or 4 gal. per min. at 10,000 Ib. 
per sq. im. continuous operation. — Inter 
mediate pressures are obtainable by adjust 
ment of the relief valve. The relief valve 
is an adjustable spring-loaded ball and seat 
tvpe. Pump intake line and relief valve 
bleed off line are formed of 4 in. copper 
tubing and are fitted with Weatherhead 
irmeto fittings. A system return port, 
4 in. I.P.S. is provided at the base of the 
reservoir and is supported by the reservoir 
itself. ‘he system pressure port, 4 in. 
I.P.S. is accessible through a hole drilled in 
the end plate of the outer housing. Unit 
has overall dimensions of 31 in. length x 
21 in. height x 16 in. width. 


min. at 


Hydraulic Booster Cylinder 


Askania Regulator Co., 1603 S. Michi- 

gan Ave., Chicago, III. 
An oil-operated unit for air-operated con 
trollers. Using a standard diaphragm top 
it is claimed to provide high power am 
plification and permit exact positioning of 
heavy dampers and valves in accordance 
with the applied pneumatic loading pres 
sure. The cvlinder can be either the crank 
or the straight reciprocating type. Straight 
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cylinders are available up to 5 im. bore and 
30 in. stroke. Other types of remote 
positioning cylinders are available using 
electric instead of pneumatic transmission. 


Tachometer 


Ideal Industries, Inc., 1446 Park Avenue, 
Svcamore, IIl. 


his unit is designed for use where the 
“pick-up unit” or generator must be 
mounted permanently on a machine, and 
the meter mounted on a panel removed 
from the generator position. ‘The generator 


consists of a small Alnico magnet rotor 
mounted on scaled ball bearings and 


capable of continuous 
speed within the 
he meter or 
a rectiher type, 
a momentary 


operation at any 
limit of the meter. 
indicating instrument is 
capable of withstanding 
overload to four times the 
maxunum speed imdication without dam 
age. ‘The meters are in shape 
and availabl in. Both 
are available in three scale sizes: 0-1.254 
r.p.m 105 


0-2.500 rp.m. and 05,000 p.m 


rectangular 
in two sizes 3 and 7 


Tone Compensating Attenuator 


The Daven Co., 191 

Newark, N. J. 
Known as ‘Type LAC-720, this unit is es 
sentially a ladder network, designed so that 
the frequency characteristics follow the 
hearing responses curves of the human ear. 
The effect of such a response is that the 
bass frequencies have a smaller loss than 


Central Ave., 





the middle or upper registers, without ren 
dering a false or “pumped” response. It 
is possible to obtain six different attenua 
tion vs frequency curves with the LAC 
720, varying from the “human ear type of 
response” to a flat frequency response 
When the unit is wired for a flat frequenc 
response it functions as a straight ladder 
of 2.5 db. per step. 


Transometer 
Askania Regulator Co. 1603 S. Michigan 
Ave., Chicago, II]. 
Designed for the measurement and con 
trol of heavy fuel oil, this unit is a com- 
bination of a piston type, positive displace 
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New non-collapsible tubing can 
be tied in knots without blocking 
passage of air or solids. 

















*Patent Pending 


The Warner Brothers Company, SPIRATUBE DIVISION 
337 Lafayette Street, Bridgeport 1, Conn. 


Air or air-borne light solids passed 
through SPIRATUBE* find a smooth 
channel that takes the turns without 
seriously reducing free area. 


It’s spiral-stitching (a SPIRATUBE 
exclusive) that makes the difference. 
No exposed wires to collect solids. No 
accordion-like crimping at the turns, 
as with ring-reinforced ducts. 


LIGHT — RETRACTABLE 
QUICK-CONNECTING — SAFE — RUGGED 

For efficient conveying, specify 
SPIRATUBE—non-collapsible under 
pressure or vacuum. For convenience, 
specify SPIRATUBE—light-weight, 
quick-connecting, self-extending, re- 
tractable to 4% extended length for 
easy stowing. For. safety, specify 
SPIRATUBE—fire-resistant processed, 
no exposed metal. For long life, speci- 
fy SPIRATUBE—strong-fibre duck, 
thermoplastic-coated. 


SPIRATUBE was proved in active duty 
with U. S. Navy. 3’-16” diam.; 
lengths up to 25’. 


FREE FOLDER Address The Warner Brothers 
Company, SPIRATUBE DIVISION, Bridgeport 1, 
Conn. Branches: New York, Chicago, San 
Francisco. Mail coupon for detailed information 


Portable or Semi-Permanent Installation 


Ventilation—aircraft, automotive, mines, under- 
ground construction, shiphoids, tanks and tank 
cars, etc. 


Pre-cooling, Drying, Fumigation, Cleaning. 
Product or by-product conveying—chemicals, cot- 
ton, dust, fertilizer, food (cereals, flour, sugar), 


fumes, furnace soot, gases, grinding wastes, 
insulation, paper trim, sawdust, lint, etc. 





Gentlemen: Please send free folder on SPIRATUBE. 


176 


ee 


STAYS EXTENDED... TAKES SHARP TURNS... CINCH TO STOW...FOR AIR, GASES, POWDERED, GRANULAR OR OTHER LIGHT SOLIDS 


SPRINGS TO WORK... 











ment meter and a pneumatic signal trans- 
mitter. The Transometer can be used with 
other liquids, particularly viscous fluids, 
because its accuracy is claimed to be un- 
affected by viscosity changes or wide flow 
variations. 


Temperature Control Unit 


Claud S. Gordon Co., 
St., Chicago 16, III. 


This unit provides close temperature varia 
tion control; variation as low as 4 deg. F. 
and power “‘on-off’’ cycles of 3 sec. Known 
as Xactline, it can be used on all types 
of electric furnaces, ovens, and 
molding machines 


3000 So. Wallace 


injection 


having conventional 





millivoltmeter and potentiometer-type con- 
trolling pyrometers or gas-fired equipment 
using solenoid-controlled or motor operated 
valves. It is housed in a cast aluminum 
case 8} x 6} x 3 in. and is designed for 
surface mounting installation. 


Chain Couplings 


The Smith Power ‘Transmission Co., 
1545 East 23rd St., Cleveland 14, 
Ohio. 

The Flexoid industrial coupling — uses 


manufacturers’ standard roller chain. Each 
hub is independent of the other and is 
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way Hard Rubber 


for Knife Handles ? 


The reasons why so many cutlery 
manufacturers use hard rubber may 
lead you to the solution of one of 
your design or production problems. 


MONG the advantages of these attractive hard 
rubber knife handles is their easy assembly into 
permanent units. Hard rubber has thermoplastic ten- 
dencies when heated through, but is a hard, strong 
solid at ordinary temperatures. Thus, the heat- 
softened rubber readily closes around metal inserts 
or cores—such as the tang of a knife or tool handle— 
and shrinks tightly to the metal as the assembly cools. 
Because rubber is a permanent plastic with good 
machining qualities, assembly by riveting also pro- 
duces an enduring unit. 


Hard rubber has a pleasant, sure feel in the hand 
of the user. It holds its shape in water because rubber 
is the most nearly waterproof of all the plastics. A 
hard rubber knife handle has, in addition, high re- 
sistance to alkalies and to hot soap solutions. It com- 


pletely ignores the softening inroads of fats and oils. 


So far none of the newer plastics has the overall 
properties needed for applications like this. However, 
since we have research and manufacturing facilities for 
both rubber and the other plastics, our laboratories 
test new developments in each. Thus, we are always 
in a position to give our customers better materials 
as they appear. 
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We manufacture an extensive line of hard rubber 
knife handles to meet the needs of cutlery manufac- 
turers. Special designs can be made up and executed 


whenever volume warrants the design and mold costs. 


Do you need a lot of something 
like a knife handle? 


If you are planning a product that approximates these 
handles in size, shape, physical and chemical require- 
ments...or something which may gain added appeal 
from that certain satisfying ‘‘heft’’ and ‘‘feel’’ of hard 
rubber...chances are that our experience and facili 
ties for efficient large volume production will enable 
us to fill your needs at reasonable cost. 


Might be worth exploring. 


VULCANIZED RUBBER AND PLASTICS COMPANY 
formerly ...The Vulcanized Rubber Company 


Manufacturers of Rubber and Molders of Plastics 


General Offices: 6 East 29th Street, New York 16, New York 


Works: Morrisville, Pa. 
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Ome, tg ote. . 
IN DIE-CUT FELT PARTS 


Conformity to your specifications is 





guaranteed by the unequalled accu- 
racy of Booth dies. 

Booth uniformity of quality and 
cutting will show you immediate time- 
savings in assembly of parts. Quality 
plus Experience is the only sure for- 


mula for complete satisfaction. 


APPLICATION CHART AND 
SAMPLE KIT... contains swatches 
of S.A.E. felt types, with specifi- 
cation tables. Write for it. (No 
sales follow-up.) 


THE BOOTH FELT COMPANY 


475 19th Street Brooklyn 15, N. Y. 


736 Sherman Street Chicago 5, Ill. 


2319, 


oth 


TRADE MARK 


PRECISION CUT 





FELT PARTS 














only connected by the roller chain. The 
Flexoid Slo-Speed Coupling is available 
in five sizes using manufacturers’ stand- 
ard numbers 50, 60, 80, 100 and 120 
roller chain, all on_ eighteen tooth 
sprockets. 





Thermometer 


W. C. Dillon and Co., 5410 W. Har- 
rison St., Chicago 44, IIl. 


For use where high pressures are encoun- 
tered or where frequent removal is neces- 
sary, this thermometer is claimed to have 
an accuracy of 10 percent above 750 deg. 
F. Two models are available with 3 and 
5 in. dial diameters respectively, each 
having a 1/2 in. standard pipe thread 
mounting nut. The 1/4 in. diameter stem 
is available in either 5 or 9 in. lengths. 
The 3 in. diameter model weighs 8 1/2 oz. 
and the 5 in. diameter model 14 oz. Centi- 
grade scales are available. 





R-F-Probe 


Radio Frequency Laboratories, Inc., 
Boonton, N. J. 


When the probe tip is subjected to an R-F 
field, a proportionate R-F current is capaci- 
tively induced, rectified and indicated on 
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Weston 506 meter. Probe element meas- 
ures 7 in. in diameter, 5 in. in length; 
overall length is 11 in. Aperture in handle 
permits hanging probe near transmitter 
antenna leads for measuring R-F output 
to aid in tuning adjustments. Probe tip 
is insulated sufficiently for probing into 
high voltage circuits. Accidental overloads 
of up to 10 scale lengths will not damage 
the instrument. 


Air Valve 


Ross Operating Valve Co., 6495 Ep- 
worth Blvd., Detroit 10, Mich. 
A piston poppet, pilot operated, solenoid- 
controlled air valve. This unit allows operat- 





ing speeds to 400 cycles per min. with cur- 
rent consumption 1.2 amp. at 110 volts 60 
cycles. Available in 3-way (normally open 
or normally closed), 4-way and 4-way (5 
port) and in 1/4, 3/8, 1/2 and 3/4 in. 
S1zes. 


Angular Contact Ball Bearings 


Miniature Precision Bearings, Keene, 
N. H. 


No separator is required in these bearings 
since the balls are self-retained. They can 
be used to take radial or thrust loads or a 
combination of both. The bearings are 
made of chrome alloy steel and are availa- 




















Cross Various Shafts 
Section Used 
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a... .: Does your product require HEAT? Then your 
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yet Reco, blueprints should include quiet, safe CHROMALOX 
Electric Heaters. Efficient and dependable, they 
wt <_§<A are easily installed and require a minimum of 
maintenance. 




















Made for many uses in wide styles and size 
ranges —CHROMALOX Electric Heating Units are 
outstanding in performance. They are easily de- 
signed into your products, economical in operation, 
flexible in application. They can be accurately 
controlled to maintain desired temperatures. 
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Ask your CHROMALOX Application Engineer to 
suggest ways you can cut costs, improve product 
and increase production with CHROMALOX Elec- 
tric Heating Units. 
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for application ideas= 

Send for data-packed Catalog 42, the 

100 Ways to Apply Electric Heat 

Booklet and address of CHROMALOX 
Application Engineer serving you. 
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DOES ALL THREE! 


FOR YOU HAVING MACHINE PROB- 
LEMS: Full staff of competent Engineers 
and complete manufacturing facilities 
are available to you. We follow through 
for you from idea to finished product— 
Design—Engineer— Build! 

Special equipment problems are 
solved daily for leading plants. We now 
offer these sume services and believe we 
can help, 

Won't you submit to us your problems 
on Design and Engineering and let us 
help you? Write today and your letter 


will receive prompt attention. 


ENGINEERING COMPANY 


llth & Lehigh, Phila. 33, Pa. 








Coming to the 


METAL SHOW 
? 


ATLANTIC CITY, N. J. 
NOVEMBER 18-22 


We'll be glad to see 
you at Space F-169 


PRODUCT 
ENGINEERING 


AUDITORIUM FLOOR 
MUNICIPAL AUDITORIUM 
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ble in ball sizes from 1/32 to 3/32 
Outside diameters of races range from 
0.1250 to 0.3750 in. and shaft diameters 
from 0.032 to 0.094 in. can be accommo- 
dated. - 


Vibration lsolator 


Finn & Co., 2850 Eighth Ave., 
The RG Unit Vibration Isolator has a 
load range from 50 to 250 Ib. and is 
claimed to attain maximum efficinecy by 
its rubber-in-shear design. It is furnished 
complete with its channel top member 
drilled and tapped. 


N. Y. 


Cable Hanger Assembly 
2041 Fulton 


Tinnerman Products, Inc., 
Road, Cleveland 13, Ohio 


A fastening element used with the type 
“Z”’ sheet metal screw is formed to re 
semble a U-shape with extended tabs. 
‘These tabs lock into the slots in the ends 
of the cable clamp. To secure the cable 
in the position desired in relation to the 
hanger, the movable speed-nut grips against 
the top and bottom flanges of the hanger. 
Proper tension is developed by tightening 
the screw, which presses against the rear 
leg of the speed-nut to take up the slack. 
Removal is instantaneous after 
the screw. 


loosening 


Two-Way Valve 


Electrol, Inc., 
N. Y. 
The Electrol 


85 Grand St., Kingston, 


solenoid two-way valve 
weighs 1} Ib. and measures 3, in. long 
x 1? in. hexagon. made of 


The housing, 
aluminum alloy bar stock anodized, has 
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two 4 in. NPT 


female ports and two 
mounting holes. 


The valve accommodates 
flows to 2 gal. per min. and the pressure 
Tange is from a fraction of a pound per 
square inch to 1,500 lb. per sq. in. Two 
4-in. flexible lead wires are provided on 
the standard valve but longer lead wires 
can be provided for certain installation. 
12-24 volts d.c. is required to energize the 
continuous duty solenoid. 


Appliance Switch 


Irilmont Products Co., 


Pa 

A heavy-duty double-pole, single-throw unit 
designed to operate on’ electrical 
rates to 2,500 watts a.c. or d.c., 125 or 
250 volts. It carries the UL listing of 20 
amp. at 125 volts and has a miniature 
neon lamp, visible from three directions, 
which serves as a warning glow-light in 
dicating that the current is on 


Philadelphia, 


levices 


Strain Relief 


Hevman Mfg. Co., 70 Michigan Ave., 

Kenilworth, N. J. 
Known as Hevco No. 4, this unit for elec 
trical appliances is claimed to absorb pull, 
push and torque from the cord set, and 
eliminate all strain on the terminals. It is 
molded from heat resistant plastic and is 
designed for 1/64 in. wire. Other models 
will accommodate larger wire sizes 
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